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FOREWORD

This volume is part of a ten-volume set that describes the mechanical and electro-
mechanical systems of launch vehicle SA-8 and launch complex 37B that function either
during the prelaunch countdown or in the event of a launch cancellation, The mechanical
and electromechanical systems of the launch vehicle that function during flight are also
described,

The ten-volume set is prepared for the Functional Integration Section, Systems Inte-
gration and Operations Branch, Vehicle Systems Division, P&VE Laboratory, MSFC,
by Systems Engineering Branch, Chrysler Corporation Space Division under Contract
NAS 8-4016.

This volume describes subsystems and components within launch vehicle SA-8 and on
launch complex 37B that make up the LHg fuel system. The information is presented
three sections: functional description, index of finding number, and mechanical v
schematics. The technical content reflects the functional system design information
available on March 3. 1964.
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SECTION 1

FUNCTIONAL DESCRIPTION

1.1 INTRODUCTION

The LHo fuel system supplies fuel to the S-IV stage propulsion system, As shown in
figure 1-1, a portion of the system is physically located within the S-1V stage, and the
remaining portions are located on launch complex 37B, The launch complex portions

of the system include an LH2 fuel storage facility, transfer line control equipment, and-
equipment for controlling and monitoring fuel system operations, The S-IV stage
portion of the system consists of a propellant tank that is divided into LHg and LOX
containers; sensing elements for determining system pressures, temperatures, and
LHg container levels; and other components for controlling system pressurization and
LHy transfer between the launch complex and the S-1V stage.

Schematic diagrams are provided in section 3 to supplement the functional description
of the system. The index of finding numbers in section 2 provides a physical and
functional description of components identified on the mechanical schematics.,

1.2 SYSTEM FUNCTIONS

Major functions of the LHy fuel system are: the storage of LHg to be used for filling
the S5-IV stage LH2 container, the transfer of LH2 between the LHg storage facility
and the S-IV stage LHy container, and the utilization of LH2 within the S-1V stage.
Each of these functions is discussed in the following paragraphs.

1.2.1 LH2 Storage - LHy storage is accomplished in three operations: storage
facility purge, storage tank filling, and storage tank pressurization. The operatiohs
are initiated, controlled, and monitored at control equipment in the automatic ground
control station (AGCS), launch control center (LCC), and the electrical equipment
house (EEH).

Before the storage tank is filled with LH,, the tank and associated lines are purged
with GNg2 to prevent the formation of explosive mixtures of air and hydrogen. Follow-
ing ihe GNg purge, the storage tank is purged with GHg and filled with LHy from
mobile tankers.

The stored LH2 remains in the storage tank until LH, transfer operations are initiated.
During this storage period, storage tank pressure is maintained at approximately 4
psig. Excess pressure is vented to atmosphere.

1.2.2 LH9 Transfer - Transfer operations include: prelaunch operations, postlaunch
operations and launch cancellation operations. Prelaunch operations include S-1V stage
LOX container pressurization, LHo storage tank pressurization, transfer line and S-1IV
stage cooldown, main fill, replenish, and final topping. Postlaunch operations include
various operations necessary to depressurize the LHy storage tank and remove residual
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LHo or GHg from transfer and storage facility lines, Since postlaunch operations

are not part of the prelaunch countdown, they are discussed here only to the extent
that they are employed in the event of a launch cancellation, Launch cancellation
operations may be initiatedduring or after LH, transfer to the S-IV stage and include:
storage tank venting, S-IV stage LHy fuel container pressurization, S-1V stage LH2
container draining, transfer line warmup, and transfer line inerting,

1.2.2.1 Prelaunch Operations, Prelaunch transfer operations are performed to
supply LHg to the S-IV stage fuel container. The operations are initiated, and moni-
tored at the LH,, control and LH, components panels in the LCC and are controlled by
Douglas Aircraft Company (DAC) propellant loading control equipment, In a normal
prelaunch countdown, the operations are sequenced automatically; however, mode
selection capabilities at the L.LH, control panel enable manual sequencing or simulation
of the operations.

The S-IV stage propellant tank and transfer lines are purged to provide an inert at-

mosphere within the S-1V stage and the transfer line prior to LH, transfer. The purge
medium is helium (He) supplied from valve panel A (volume V). After passing through
the stage and transfer lines,the purge supply is vented to the launch facility burn pond.

The S-1V stage LOX container is pressurized with He to approximately 48 psig to pre-
vent collapse of the LOX/LH2 bulkhead during LH, loading.

The LH, storage tank is pressurized prior to LH, transfer to provide the pressure

head necessary for transferring LHy from the storage tank to the S5-IV stage LHy
container. Pressurization is accomplished by means of an LHy vaporizer that is
supplied with LHs drawn from the storage tank and provides GHy for tank pressurization.
The storage tank pressurization system maintains tank pressure at approximately 42
psig throughout LH, transfer.

Immediately following storage tank pressurization, cooldown of the transfer line and
the S~IV stage is initiated. During this operation, a restricted LH2 supply flows from
the storage tank, through the LLHy subcooler and transfer line and into the S-IV stage
LH, container. The LHy flow precools the transfer line and fuel container to reduce
LH, vaporization during subsequent LH, transfer. The cooldown LH, supply continues
to flow until the S-1V stage LH, container is 15 percent filled.

When the S-1V stage LH, container is 15 percent filled, main LHy transfer is initiated
automatically. Anunrestricted LH» supply flows from the storage tank, through the
subcooler and into the transfer line. The flow continues through the main fill transfer
control and the S-1V stage fill and drain valve into the S-IV stage LHy container. Main
fill continues until the DAC propellant loading control equipment senses that the LHy
container is 92 percent full. At this point in the filling operation, the DAC equipment
sends a signal that terminates LH2 flow through the main fill control and initiates the
replenish operation.

During replenish, LH5 flows to the S-IV stage through the replenish control which
regulates LH, flow to either 20 gpm or 500 gpm. The 500-gpm flow is maintained




until the LHy container is 99. 25 percent filled as indicated by DAC propellant loading
control equipment. At this indication, the replenish control reduces LHy flow to 20
gpm, which is less than enough to compensate for boiloff losses. When the LH,
container fuel level falls to the 99-percent full level, the replenish control increases
LHy flow to 500 gpm and maintains this flowrate until the LHy container is again filled
to the 99.25-percent full level. The LH, container fuel level is repeatedly adjusted
hetween 99. 00 and 99. 25 percent full until final topping is initiated at approximately

T -140 seconds in the prelaunch countdown.

During final topping, the LH, container is filled to the 100-percent-full level and
pressurized., LHo flow through the replenish control is increased to, and maintained
at, 500 gpm until the container is 100 percent filled. DAC propellant loading control
equipment then commands closure of the replenish control, the S-IV stage fill and
drain valve, ‘and LHg container vent valves. With closure of the replenish control,

the transfer line vent valve is opened, and the transfer line hetween the replenish
control and the vehicle is vented to the launch facility burn pond. The S-IV stage LHy
container is then pressurized with helium routed from valve panel B (volume V) to the
S-IV stage LH, container pressurization system. Final topping is complete at approx-
imately T -90 se¢conds.

At liftoff, all ground connections to the vehicle are scvered, and the umbilical housings
are purged with helium,

1.2.2,2 Launch Cancellation Operations, Launch cancellation operations are per-
formed to drain fuel from the S-1V stage and remove residual LHo or Glg from trans-
fer and storage facility lines in the event of a launch cancellation,

When a launch cancellation is indicated, 1.H9 transfer to the S-1V stage is halted and
the LIHg system is placed in standby status. To prevent further LHo transter, the main
fill and replenish transfer controls are closed, and the S-1V stage fill and drain valve
is closed.

Upon initiation of S-1V stage LUy drain, the LIy storage tank pressurization supply is
terminated and storage tank pressure is vented to the atmosphere. Simultaneously,
the S-1V stage LHo container vent valves are closed and the container is pressurized
with Hle, When the L.Hs container pressurization is complete, the S-1V stage fill and
drain valve, main fill transfer control, and replenish transfer control are opened.  The
S-1V stage Ly container pressure forces LHo from the container, through the trans-
fer line, and back into the [.Hy storage tank,

As LH2 is drained, transfer line temperature is monitored as a means of detecting 1LHo
flow. A temperaturc increase indicates a reduction of LHy flow and, conscequently,
depletion of LHyg in the S-1V stage LHy container. When an increase in transfer line
temperature is indicated, the line warmup operation is initiated. LLHy transfer to the
storage tank and further S-TV LHs container pressurization are terminated and the
transfer line is vented to the launch facility burn pond. Venting is continued for 3
hours to allow complete vaporization of residual LLHs and the dissjpation of GHg vapors.
Following line warmup, various manuial valves are opened to admit a low-pressure
GNy purge supply to the transfer line. The GNg purge eliminates any remaining GHg
and provides an inert atmosphere within the lines. ‘
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1.2.3 S-1V Stage LHg Utilization - S-1V stage LHy utilization operations begin with
RL10A-3 engine cooldown and terminate at engine cutoff. These operations include
LH2 container pressurization and LHy consumption.

1.3 SYSTEM DESCRIPTION

1.3.1 Storage Equipment and Subsystems - The major components and subsystems
within the LHy storage facility are identified in figure 1-1. The more complex of these
components and subhsystems are described below; the remainder are described in the
index of finding numbers, on system mechanical schematics and in descriptions of
systems operations.

1.3.1.1 Pneumatic Control Console. The pncumatic control console receives 3500-
psig GNy from the nitrogen and helium storage facility (volume IV) and provides GNy
outputs of 750 psig and 25 psig. The 750-psig and 25-psig outputs are used to actuate
various LH2 storage facility control devices. The 25-psig GNy is also distributed
through restrictive orifices for purging lines and clectrical equipment cabhinets.

1.3.1.2 Storage Tank Pressurization Subsystem. The storage tank pressurization
subhsystem consists of an LH2 vaporizer, pressure controllers, flow regulators and
other associated control devices. The subsystem maintains storage tank ullage pres-
sure at approximately 4 psig during steady state storage conditions and increasces the
pressurce to approximately 42 psig during LHy transfer operations. During steady-
state conditions, storage tank pressurization is accomplished through controlled vent-
ing of LLHg hoiloff within the storage tank. During LHy transfer operations, however,
additional tank pressurization is provided by LLHy Vaporizer A3754. (See figure 3-1.)
The vaporizer receives LHg from LHg Storage Tank A3753 and provides GHg for stor-
age tank pressurization. Excess pressure is vented to the storage facility burn pond.
Major components associated with pressurization control are listed and described
helow.

a. Flow Regulator A3338 - Maintains storage tank pressure at approximately 4
psig during LH,y storage and during storage tank filling operations by control-
ling the venting of LH2 boiloff. The regulator is pneumatically actuated and
its position is determined by the differential pressure applied across the
regulator actuator.

The actuator reecives 25-psig GNy from the LHy pneumatic control console
and a varying GN, supply {rom Pncumatic Controller A3551. The pneumatic
controller increases control pressure from 3 to 15 psig as storage tank ullage
pressure rises and thereby decereases the differential pressure across the
regulator actuator. Regulator position is varied until venting is adjusted to
maintain storage tank pressure at approximately 4 psig. When storage tank
pressure exceeds 4 psig, venting control is transferred to main vent Pneu-
matic Valve A3304.

h. Storage Tank Pressurization Flow Regulator A3305 - Controls the flow of LHyo
to Vaporizer A3754 to maintain storage tank pressure at 42 psig during LHy




transfer operations, Regulator position is determined by the differential
between control pressures applied across the regulator actuator. The actu-
ator receives a constant 25-psig GNg supply from the LHo pneumatic control
console and a varying GNg supply from Pneumatic Controller A3544.

The pneumatic controller senses storage tank ullage pressure and varies
differential pressure across the regulator actuator to increase or decrecase
LH, flow through the regulator. As storage tank pressure increases,
differential pressure is decreased and LHy flow is reduced. When storage
tank pressure reaches 42 psig, the regulator is closed to prevent further
pressurization. Should the pneumatic controller malfunction, the regulator
can be closed by the action of Solenoid Valve A3387 and Pressure Switch
A3538. When storage tank ullage pressure increases to 55 psig, the pressure
switch actuates and sends a signal that opens the solenoid valve. The solenoid

valve vents control pressure from the regulator actuator and allows the regu-
lator to close.

c. Relief Valve A3640 - Provides overpressure protection for the storage tank

vent line hy relieving excess pressure at 100 psig to the storage area burn
pond. )

1.3.1.3 LH, Subcooler Subsystem. The LH, subcooler subsystem is used to reduce
the temperature of LH, being transferred to the S-1IV stage and thereby reduce LH,
vaporization within the transfer line. The subsystem consists of Subcooler A3752,
Vacuum Pump A3751 and associated control and monitor networks. The major com-
ponent within the system, Subcooler A3752, is a tube-and-shell heat exchanger installed
in the main LH, transfer line. The subcooler coolant supply is LHy drawn from the
transfer line. LHg being transferred to the S-1V stage is routed through the subcooler
coolant by means of transfer tubes. The insulated annular space between the subcooler
walls is evacuated to retard heat transfer between the inner and outer walls.

L.H2 supercooling begins when the S-1V stage LHg container is 92 percent filled,
Vacuum Pump A3751 is started and subsequently reduces vapor pressure above the
LHg coolant supply in the subcooler. The reduction in vapor pressure reduces the
temperature of the coolant which, in turn, reduces the temperature of LH, in the
trancfer tubec to annr

............. s to approximately - 426F, Other componenis functionally associated
with subcooler operation are descrihed below:

a. Liquid Level Prohe A3509 continuously monitors the LH, coolant level within
the subcooler and provides control pressure for regulating LHy coolant flow
into the subcooler. The probe is mounted on top of the subcooler and extends
downward between the inner wall of the subcooler and the transfer tubes. The
probe is sealed at the bottom, and the upper end is connected to a pressure-
tight chamber that is pressurized to 45 psig with GH,,.

.Chamber pressure drops as the coolant level rises and increases as the
coolant level drops. Thus, the chamber pressure is indicative of LH, level
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and is used as a control pressure for regulating the flow of LH, coolant to
the subcooler.

Two capacitance point level sensors, mounted near the hottom of the probhe,
sense LH, level and send signals to transducer cabinet indicators for local
monitoring of LH, coolant levels. Level Sensor A3511 provides a high level
indication when suhmerged in LH2 and Liquid Level Sensor A3512 provides a
low level indication when the LH, coolant level recedes below it.  Liquid
Level Sensor A3511 is also electrically interlocked with Solenoid Valve A3386.
Actuation of Solenoid Valve A3386 closes pneumatic subcooler inlet Flow
Regulator A3309 and shuts off LH, flow into the subcooler shell.

Pneumatic Pressure Controller A3513 and subcooler inlet Flow Regulator
A3309 function together to maintain a constant I.LHy coolant level within the
subcooler. The controller senses pressure variations in Liquid Level Probe
A3509 and provides proportional increases or decreases in control pressure
applied to the flow regulator. The flow regulator controls LH, flow from the
transfer line into the suhcooler. The pressure controller receives a 25-psig
GN2 supply from the LHo pneumatic control console and regulates control
pressure applied to the flow regulator between 3 and 15 psig. An increase in
LH, level reduces the pressure controller output pressure. The reduced out-
put pressure increases differential pressure applied across the flow regulator
actuator and thereby reduces LH, flow through the flow regulator. A decrease
in LH,, coolant level causes a corresponding decrease in the differential pres-
sure applied to the flow regulator, therehy increasing [LHo flow through the
regulator. Thus, increases or decreases in LH, coolant level are compensated
for by LH, flow regulation through the flow regulator.

Pneumatic Pressure Controllers A3515 and A3514 provide an alternate means
for controlling the LH, coolant level adjustments through Flow Regulator
A3309. These two pressure controllers substitute for Pressure Controller
A3513 and Liquid Level Sensor A3509, which can be isolated by closing Manual
Valve A3412. Pressure Regulator A3515 senses subcooler LHy level and
regulates control pressure applied to Pressure Regulator A3514 which, in turn,
regulates the positioning of subcooler inlet Flow Regulator A3309. Pressure
Regulator A3515 senses LH, coolant level by sensing coolant differential
pressure between upper and lower taps on the subcooler shell. Upper-tap
pressure is applied to the pressure regulator through Manual Valves A3384
and A3406, and lower-tap pressure is applied through Manual Valves A3385
and A3407. In proportion to the applied differential pressure, Pressure
Regulator A3515 reduces a 25-psig GNy supply from the LHy pneumatic con-
sole and provides a 156- to 3-psig control pressure for control of Pressure
Regulator A3514. Pressure Regulator A3514 also receives a 25-psig GN2
input from the LHy pncumatic control console and, in proportion to the

control pressure applied from Pressure Regulator A3515, applies a 3- to
15-psig control pressure to Flow Regulator A3309.
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d.

Flow Regulator A3342 regulates GH, flow from the suhcooler to Vacuum
Pump A3751 during vacuum pump operatlon to maintain a set subcooler shell
pressure. The flow regulator receives 25-psig GNy control pressure from
the LH2 pneumatic console and a variable control pressure of 3- to 15-psig
GN, from Pressure Regulator A3554. The differential between these control
pressures determines the regulator position.

The pressure regulator actuator senses, as control pressure, subcooler shell
pressure over a range of 0 to 15 psig., In proportion to the applied shell pres-
sure, the pressure regulator reduces 25-psig GNy from the LHo pneumatic
console to a 3- to 15- psig control pressure for positioning Flow Regulator
A3342, As Vacuum Pump A3751 reduces the subcooler shell pressure, the
control pressure applied to the flow regulator is reduced, thereby reducing
GH, flow through the flow regulator. Conversely, an increase in subcooler
shell pressure causes an increase in GHp flow through the flow regulator.

Temperature Sensor A3585 and Indicator A3584 provide local monitoring of
vacuum line temperature.

Temperature Sensor A3587 and Indicator A3586 provide local monitoring of
vacuum pump inlet temperature.

Pressure Transducer A3547 provides subcooler pressure monitor signals to
a vacuum indicator on the LCC LH2 monitor panel.

Subcooler inlet Temperature Sensor A3574 measures line temperature up-
stream from Subcooler A3752, Measuring instruments associated with the
sensor measure the vapor pressure inside the sensor bulb and provide a
temperature indication as a function of vapor pressure. Temperature Indi-
cator A3571 permits local monitoring of line temperature and is used for
calibration of Temperature Transducer A3572, Temperature Transducer
A3572 provides subcooler inlet témperature monitor signals to a tempera-
ture indicator on the LH2 monitor panel, Temperature is measured over

a range of -403 F to -430 F.

Subcooler discharge Temperature Sensor A3583 and Temperature Indicator
A3582 function together to provide local monitoring of subcooler discharge
temperature over a range of -403 F to -430 F.

Temperature Sensor A3580, Temperature Indicator A3576, and Temperature
Transducer A3578 function together to monitor the transfer line discharge
temperature. (See figure 3-2.) Temperature Indicator A3576 provides local
monitoring of transfer line temperature and is used for calibrating Temperature
Transducer A3578. Temperature Transducer A3578 provides transfer line
temperature monitor signals to the LCC temperature recorder and a temper-
ature indicator on the LCC L Hg monitor panel.
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1.3.2 Transfer Components - LHo transfer between the LHg storage facility and the
S-1V stage LHo container is controlled by the main fill and topping control transfer-
line valve complex, Major components within this valve complex are: main fill
Pneumatic Valve A3911, replenish Pneumatic Valve A3910, transfer line vent Pneu-
matic Valve A3912, and helium heat exchanger LHy inlet Pneumatic Valve A3917

(See figure 3-2.), The pneumatic valves are controlled by individual solenoid valves
that route 750-psig GNy control pressure from valve panel B (volume V) to the appro-
priate side of the pneumatic valve actuators. The solenoids are controlled by transfer
sequence signals originated at LH, control equipment in the LCC and the AGCS. Each
pneumatic valve is equipped with a position indicator switch that is electrically inter-
locked with an indicator on the LCC LH2 components panel to provide continuous
monitoring of valve position. Functions of major components within the main fill and
topping control are described below:

a. Main fill transfer Pneumatic Valve A3911 - Opened during the main fill trans-
fer operation and allows a 2000-gpm LH2 flow to the S-1IV stage L.Ho container.

b. Replenish Pneumatic Valve A3918 - A three-position valve that controls LH2
transfer flow during the replenish operation. One valve position provides a
500-gpm LH, flow and the second valve position limits LH, flow to 20 gpm.
During the replenish operation,the valve is alternately positioned to the 500-
gpm and 20-gpm positions by Solenoid Valves A3923 and A3922 to maintain
the S-1V stage LH, container hetween 99 and 99. 25 percent full.

c. Pneumatic Valve A3917 - Directs part of the LH2 supply being transferred
to the S-IV stage to the helium precool heat exchanger (volume V) for use
as a coolant supply.

d. Pneumatic Valve A3912 - Opened upon termination of LH, transfer operations
to vent GHg from the transfer line to the launch facility burn pond. During
LHy transfer operations, the valve remains closed.

e. Pressure Transducers A3900 and A3916 - Monitor main fill and topping
control line pressure during LHo transfer operations and provide pressure
monitor signals to pressure indicators on the LCC LH9 monitor panel.
Differential Pressure Transducer A 3949 monitors the line pressure drop
across Filter A3905 and provides monitor signals to a pressure indicator on
the LHg monitor panel. The differential pressure ranges from 0 to 30 psig.

f.  Relief Valve A3932 - Provides overpressure protection for the main fill and

topping control lines by venting the lines to the launch area burn pond when
line pressure reaches 92 (3 2) psig,

1.3.3 LH, Control Equipment and Subsystems

1.3.3.1 Launch Control Center Equipment. Propellant loading racks No. 6 and No,
7, located in the LCC, contain the panels and control equipment necessary for initiat-
ing, monitoring, and controlling LHy transfer operations. Equipment descriptions
are provided below:




Relay Distributer Assemblies - A relay distributor assembly is mounted in
each of the two propellant loading racks to provide a point for power distri-
bution from the LCC to the storage and launch areas,

LHy Timer Assembly - Contains time relays for use in automatic sequences,
and power switching relays for controlling system power busses and asso-
ciated components.

LH2 Control Panel - Used to initiate system operations and to provide visual
monitoring of sequences for the performance or simulation of LHZ transfer
operations. Functional descriptions of control and monitor components
located on the panel are as follows.

(1) Power ON-OFF Switch - Controls electric power to other LH2
control panel components.

(2) Function Selector Switch - A four-position selection switch used for
selecting one of four modes of system operation: off, operate,
simulate, or manual. With the switch at the OPERATE position,
the LHo system is set for automatic operation, which requires only
the momentary depression of sequence buttons to initiate automatic
sequencing of system operations. At the SIMULATE position, the
switch again provides for automatic sequencing of system operations,
but without LH2 transfer. This mode is used only to verify the
operation of system components. When positioned to the MANUAL
position, the switch transfers individual control of system components
to controls on the LHy components panel. At the OFF position, the
switch inhibits all transfer operations.

(3) CONTROL RETURN Switch - Used to return control of transfer
operations to DAC when required.

(4) Prerequisite Indicators - The indicators are mounted across the top
of the panel. As each prerequisite is completed, a particular
indicator will light. When all the prerequisites are met, and the
S-1IV stage LH, container is ready for filling, the STANDBY indica-
tor will light in the FILL sequence group of indicators.

(6) FILL, SECURE, and DRAIN Pushbutton Switches - Used to initiate
the fill, secure, and drainsequences as required, The fill sequence
may be initiated only after the fill sequence STANDBY indicator and
the prerequisite indicator lamps are lighted. Progress of the sequence
may be monitored on indicators located to the right of the FILL push-
button. The secure and drain sequences are initiated and monitored
in a like manner.

LH, DC Power Panel - Provides d.c. power to propellant loading racks
No. 6 and No. 7.

LHy Distributor Assembly - Contains the terminal connections which make
cable connections and provide distribution points for lines entering the LCC.
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f.  LHy Monitor Panel ~ Provides ten gages for monitoring various system
conditions in the storage facility, launch area, and the vehicle.

(1) Filter Differential Pressurc Gage - Indicates the pressure drop
across transfer line Filter A3905.

(2) Transfer Line Pressure Gage - Indicates the LH, pressure in the
transfer line.

(3) Transfer Line Outlet Temperature Gage - Indicates the transfer
line temperature of LH2 leaving the storage area.

(4) Vehicle Vent Pressure Gage - Indicates the vehicle vent pressure
in the vent stack.

(5) Subcooler Level Gage - Indicates the LHy coolant supply level in
Subcooler A3752.

(6) Subcooler Inlet Line Pressure Gage - Indicates subcooler shell
pressure being maintained by Vacuum Pump A3751,

(7) Subcooler Inlet Line Temperature Gage - Indicates the temperature
of the LHy entering the tube side of Subcooler A3752.

(8) Storage Tank Level Gage - Indicates the level of LH2 in Storage
Tank A3753.

(9) Storage Tank Pressure Gage - Indicates the storage tank ullage
pressure. The measurement range is 0 to 100 psig.

(10) Vehicle Tank Pressure Gage - Indicates the ullage pressure in the
S5-IV stage LHy container.

g. LH2 Components Panel - Provides manual control and visual monitoring of
remotely located LHy facility components. Manual control of components
is attained by positioning the function selector switch on the LH2 control
panel to the MANUAL position. Indicator lamps on the panel show the con-
dition or position of the various components.

1.3.3.2 Automatic Ground Control Station, LHp system equipment in the AGCS
consists of an LH2 DC power panel and an LHy control distributor, both of which
are located in launcher accessories rack No. 1. Functional descriptions of the two
components are given helow ;

a. LH_ DC Power Panel - A rack-mounted assembly that contains indicating
fuses for monitoring system power busses, and power switching relays for
switching power to associated busses.




b. LH_ Control Distributor - Contains the terminal distributors, cable connections,
anfcircuit switching relays necessary to transfer power from the LH2 DC pow-
er panel to remotely located valves.

1. 3. 3.3 Electrical Equipment House. LH2 system equipment in the EEH consists of
control distributors No. 1 and No. 2, an LH2 DC power panel, and an LH2 monitor pa-
nel, all located in rack No. 1. EEH equipment is described below.

a. Control Distributor No. 1 - Contains terminal connections and other equipment
necessary to make cable connections and distribute signals along shielded lines
to and from the LCC and storage area transducer cabinets.

b. Control Distributor No. 2 - Contains terminal connections and other equipment
necessary to make cable connections and distribute signals along unshielded
lines for operation of various control valves.

c. LH, DC Power Panel - A rack-mounted assembly that contains indicating
fuses for monitoring system power busses, and switching relays for switching
power to associated busses.

d. LH_ Monitor Panel - Provides a means for visually monitoring liquid level and
ullage pressure within the LH, storage tank. The three components mounted

on the panel perform the following functions:

( 1) Storage Tank Level Indicator - Indicates the level of LH2 in Storage
Tank A3753.

( 2) Storage Tank Pressure Indicator - Indicates storage tank ullage
pressure.

( 3) Fill Valve Control Switch - Used to control the position of the stor-
age tank fill Pneumatic Valve A3302 during tank f{illing operations.

1.4 SYSTEM OPERATIONS

1.4.1 Storage Operations - Storage operations include storage facility purge, storage
tank filling, and storage tank pressurization.

1.4.1.1 Storage Facility Purge. The storage facility purge is initiated prior to storage
tank tilling to prevent the tormation of explosive mixtures of air and hydrogen in the
storage tank and associated lines. The purge requires external sources of GN, and
GH2. The GN2 source is attached to storage facility couplings and is allowed to tlow
into the storage tank and associated lines. The storage tank is purged by repeatedly
filling it with GN2 and evacuating it until the oxygen content of the tank atmosphere is
less than 1.5 percent per unit volume. The GN_ purge is followed by a warm GH,

purge which expels the GN2 and provides a pure GH, atmosphere within the tank.
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1.4.1.2 Storage Tank Filling. LH2 is transported to the launch complex in mobile tank-
ers and is subsequently pumped from the tankers into the storage tank. During the fill-
ing operation, storage tank pressure is maintained at approximately 4 psig; excess
pressure is vented to atmosphere. The filling operation is continued until the tank con-
tains approximately 125, 000 gallons of LHZ'

1.4.1.3 Storage Tank Pressurization. After the storage tank has been filled, it is pres-
surized to 4 pisg with GH, and held at that pressure until the initiation of LH2 transfer

operations. Prior to the initiation ot the main fill operation, however, the tank pressure
is increased to, and maintained at approximately 42 psig. This increase in tank pressure

is necessary to force LHy through the transfer lines and into the S-IV stage LH2 container.

1.4.2 Preparation for LHy Transfer

1.4.2.1 Pre-Operational System Checkout. Following the storage tank filling
operations and prior to the initiation of LH2 transfer operations, a pre-operational
check is made of the LH, pneumatic control console, storage facility purge supplies,
and electrical power supplies. In addition, system manual valves are set up for LH2
transfer operations.

a. Manual Valve Checkout. In preparation for LH_ transfer to the S-1V stage,
system manual valves are positioned as follows:

(1) Storage tank vent Manual Valves A3324 and A3380 are opened.

(2) Storage tank pressurization Manual Valves A3301, A3369 and
A3370 are opened.

(3) Subcooler inlet flow control Manual Valve A3412 is opened.
4) LH2 transfer line Manual Valves A3303 and A3379 are opened.
(5) Manual Valve A3372 is opened.
(6) All other manual valves are closed.
b. LH, Pneumatic Control Console Checkout. (See figure 3-1.) The LHs
pneumatic control console is placed into operation and checked out as

follows:

(1) Manual Valves A3712, A3713, A3714, A3715, A3720 and A3771 are
opened.

(2) Manual Vent Valves A3716, A3717, A3718, A3719, A3721, A3722,
A3723 and A3724 are closed.




( 3) Gages A3700, A3701, A3702, and A3703 must indicate 3500, 750,
720, and 25 psig, respectively. Downstream Pressure Regulators
A3704, A3705 and A3706 may be adjusted to provide the correct
gage indications of line pressure.

(4) With correct pressures indicated at the pressure gages, the oper-
ation of Pressure Switches A3725 and A3711 is verified at the LCC
LH, control panel. Pressure Switch A3725 actuates on rising
pressure of 600 (+ 20) psig and lights the STORAGE FACILITY 750-
PSI indicator on the LHg control panel. Pressure Switch A3711
actuates on a rising pressure of 21.5 (20.5) psig and lights the

STORAGE FACILITY 25-PSI indicator on the LHy control panel.

GN2 Purge Supply Checkout. The S-IV stage and umbilical tower must he
placed in a state of readiness for purging, and GN9 purge supplies to various
storage facility components must be pressure-checked and analyzed for
oxygen content. Pressure checks are made with a portable manometer, and
oxygen content is measured with a portahle oxygen analyzer. Purge checks
are made as follows:

(1) The vehicle vent stack purge is checked through Manual Valve
A3375.

(2) The auxiliary vent line purge is checked through Manual Valve
A3374.

(3) The launch area transducer cahinet purge is checked through a
quick-disconnect fitting located in the top of the cahinet.

(4) The storage facility vent line purge is checked through Manual
Valve A3366 and A3404.

(5) The storage tank steady-state vent line purge is checked through
Manual Valve A3416.

(6) The suhcooler transducer cabinet purge is checked through a quick-
disconnect coupling located in the top of the cabinet.

Electrical Power Checkout. Electrical power must be available to LH,
system equipment in the EEH, LCC, AGCS,and the storage area launch
facility burn ponds. Power availability is indicated by various LH,y control
panel indicators as follows:

(1) The AGCS & STORAGE FACILITY indicator lights when ac power
is available to AGCS and storage facility components.
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(2) The STORAGE FACILITY, LCC, AGCS, TOWER S-IV & VI'HICLE
S-1V indicators light when d.c. power is available to areas that
correspond with the indicator placards.

(3) The TOWER S-1V, S-1V 750 PSI, and STORAGE IFACILITY 25 PSI
& STORAGE FACILITY 750 PSI indicators light when pneumatic
control pressure is available from the LH5 pneumatic console.
The availability of pneumatic control pressure also indicates the
availahility of power to EEH equipment.

(4) The STORAGE & LLAUNCH FACILITIES indicator lights when power
is available at the launch area and storage facility burn ponds.

1.4.2.2 S-IV Stage LH, Container and Transier Linc Purge. Following the pre-opera-
tional checkout, the LH, system is conditioned and powered lor performance of the
prelaunch countdown. A standby period is initiated to permit DAC checkout and He
purging of the S-1V stage and the LH  transfer line. The sequence is as follows:

a. Control of transfer line vent Pneumatic Valve A3308 is translerred to DAC
equipment trom the LCC LH,, control panel by setting the CONTROL RETURN
switch. The function selector switch is turned to the MANUAL position. The
S-1V status STANDBY light is lighted during this sequence.

b. The S-1V LOX container is pressurized with He to 29 (¢ 1) psia. This pres-
sure is maintained until I Ho, container purging is complete to prevent col-
lapse of the common bulkhead between the LOX and LH2 containers.

c. During the standby period, LH2 Container F102 and the 1 H, transfer line
recieve a 50-minute He purge that is initiated by a solenoid valve in valve
panel B (volume V). Helium flows from valve panel B into the S-IV stage
LH2 container through Quick- Disconnect Couplings A2653 and E250. Irom
the LH2 container, the He flows through fill and drain Pneumatic Valve K113,
Couplings E100 and A3189, Pneumatic Valve A3150, Filter A3905, and to the
He heat exchanger (volume V) and Subcooler A3752, through either main {ill
Pneumatic Valve A3911 or replenish Pneumatic Valve A3910. The He purge
supply is vented to the storage facility burn pond through transfer line vent
Pneumatic Valve A3308 and to the launch facility burn pond through the He
heat exchanger and transfer line vent Pnecumatic Valve A3912.

d. As the LH, container and transfer lines are purged, the LI, container vent
line is purged with 50-psig He routed irom valve panel A ( volume V). The
purge supply passes through the vent line and is vented to the launch facility
burn pond through Check Valve A3376.
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e. The umbilical vent line, LH2 shutoff Pneumatic Valve A3950, and Quick-
Disconnect Couplings A2389 and E105 are also purged with a 50-psig He
supply from valve panel A ( volume V).' The umbilical line purge removes
LH2 boiloft during the cooldown operation and provides an inert atmosphere
in the fill line. The quick-disconnect coupling purge displaces GH, which

might escape during fill operations. These purges continue throughout the
cooldown operation. '

f. During the purge operations, the LH, transfer lines are checked for He
content, and when they are found to contain 99 percent He,system control
is transferred from DAC control equipment to I CC control equipment. The
S-IV control return indicator on the LHo panel goes out to signal the transfer
of system control.

1.4.3 Prelaunch LH2 Transfer Operations

1.4.3.1 Initial Setup., Following DAC checkout and purge of the S-1V stage and trans-
fer lines, LH, transfer operations are initiated at the LCC LH, control panel by
setting the FUNCTION SELECTOR SWITCH to AUTO and pressing the FILL pushbutton.
This setup initiates automatic sequencing of the prelaunch transfer operations de-
scribed in paragraph 1.2. 2.

1.4.3.2 System Interlocks. Various LHy system operations are interlocked such
that a given operation or a given set of conditions automatically initiates another
operation. These interlock functions are listed and described for reference. In
subsequent descriptions of transfer operations the interlocks are referenced by
number.

1. Transfer line fill Pneumatic Valve A3306 is closed unless transfer line
outlet temperature is -406 F or less.

2. Transfer line fill Pneumatic Valve A3306, S-IV stage replenish Pneumatic
Valve A3310 and S-1IV stage main fill Pneumatic Valve A3911 are closed
unless the S-1V stage LOX container is pressurized. A signal from DAC
propellant loading control equipment indicates LOX container pressurization.

3.  Transfer line fill Pneumatic Valve A3306 and transfer line cooldown Pneu-
matic Valve A3307 close with the opening of transfer line vent Pneumatic
Valve A3308.

4. S-IV stage replenish Pneumatic Valve A3310 and S-IV stage main fill Pneu-
matic Valve A3911 close with an SV stage LH, container overpressure

indication,

5. S-1V stage replenish Pneumatic Valve A3910 and S-IV stage main fill Pneu-
matic Valve A3911 close with an S-IV stage LH, container overfill indication,
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10. -

11.

1.4.3.3

S-IV stage umbilical line vent Pneumatic Valve A3912 is interlocked closed
by DAC propellant loading control equipment with the opening of S-IV stage
replenish Pneumatic Valve A3710, S-IV stage main fill Pneumatic Valve
A3911, or S-IV stage fill and drain Pneumatic Valve E113.

Transfer line fill Pneumatic Valve A3306 is closed with the closing of S5-IV
stage vent Pneumatic Valves E114 and E115.

Transfer line He purge Solenoid Valve A3318 or transfer line high-pressure
He purge Solenoid Valve A3344 are closed with the opening of either subcooler
LH, inlet Pneumatic Valve A3309 or He heat exchanger LHy inlet Pneumatic
Valve A3917.

LH, storage tank pressure less than 30 psig causes transfer line He purge
Solenoid Valve A3318 or transfer line high~pressure He purge Pneumatic
Valve A3344 to close.

LH, storage tank main vent Pneumatic Valve A3304 is closed when LHo
storage tank pressure is equal to or less than 2 psig, or is interlocked
closed with LHy storage tank pressurization Pneumatic Valve A3305 and
transfer line fill Pneumatic Valve A3306,

S-1V stage LHy container pressurization Pneumatic Valve A2539 is closed
unless the S-1V stage 1.OX container is pressurized,

S-1V Stage LOX Container Pressurization, When the FILL pushbutton is press-

ed, a command signal is sent to DAC eqguipment to initiate S-IV stage L.OX container
pressurization. The command signal also lights the ILH, control panel PRESSURIZE
LOX TANK indicator, LOX container pressurization to Happroximately 45 psia prevents
collapse of the propellant tank LOX/LH9 bulkhead as LH, is loaded into the LLHy con-

tainer,

The LHso control panel PRESSURIZED COMPLETE indicator lights when pres-

surization is complete, ( Details of the LOX container pressurization sequence are

covered

1,4,.3.4

in volume V),

LHy Storage Tank Pressurization. When the S-1V stage LOX container

pressurization sequence is complete, the fill sequence automatically progresses to
LHy storage tank pressurization. The sequence occurs as follows:

a,

The LH2 control panel PRESSURIZE STORAGE TANK indicator lamp lights,
Interlock functions 1 and 2 are in eflect.

Pneumatic vaporizer inlet Flow Regulator A3305 is opened by Controller A3544
and Solenoid Valve A3387. Valve opening is monitored by the LH, components
panel TANK PRESSURIZATION OPEN indicator, LH, from the St:)r‘age tank
passes through supply Manual Valve A3301 and pneumatic Flow Regulator
A3305 to Vaporizer A3754 where it is converted to GH, for storage tank pres-
surization,

1.16




. d. Relief Valve A3641 vents excess line pressure to the tank pressurization line,
downstream from Vaporizer A3754, to maintain a maximum differential pres-
sure of 20 psi across the vaporizer and pneumatic flow regulator.

e. Pneumatic Flow Regulator A3305 flow area is reduced by Controller A3544
as tank pressure rises, The flow regulator is completely closed when storage
tank ullage pressure reaches 42 psig. Pressure Switch A3537 actuates and
lights the LCC LHg control panel PRESSURIZATION COMPLETE indicator
when storage tank pressure rises to 30 psig. Simultancously, the PRESSURIZE
STORAGE TANK indicator goes out. Pressure Switch A3538 actuates at an
increasing ullage pressure of 55 psig to remove power from Solenoid Valve
A3387. The closing of Solenoid Valve A3387 provides redundancy for Con-
troller A3544 by ensuring that pneumatic Flow Regulator A3305 is completely
closed,

f. A continued ullage pressure rise to 60 psig results in the actuation of Pressure
Switch A3539. The switch supplies power to Solenoid Valves A3395 and A3396,
which open Pneumatic Valve A3304. Excess tank pressure is vented through
Pneumatic Valve A3304 and Check Valve A3365 to the storage facility burn
pond. Ullage pressure is maintained at approximately 42 psig for the duration
of LH, transfer.

1.4.3.5 Transfer Line and S-1V Stage Cooldown. Thirty seconds after Pneumatic
. Valve A3305 is opened, the transfer line and S-1V stage cooldown sequence is initiated
automatically. The sequence is as follows:

a. The LHg control panel COOLDOWN FILL LINE indicator lights,
b. Interlock functions 1, 2, 3, 4, 5, and 6 are in effect.

c¢. Transfer line cooldown Pneumatic Valve A3307, subcooler inlet Flow Regula-
tor A3309,and He heat exchanger inlet Pnecumatic Valve A3917 are opened,
LH, flows from Storage Tank A3753 through Manual Valve A3303, Pneumatic
Valve A3307, the tube side of Subcooler A3752, and into the subcooler shell
through Flow Regulator A3309. LH, flow through the subcooler continues
through the transfer line and is admitted to the He heat exchanger (volume V)
through Pneumatic Valve A3917, GHy vented trom the helium heat exchanger
is routed to the launch facility burn pond through Check Valve A3377.

d. Five minutes after Pneumatic Valves A3307, A3309, and A3917 are opened,
main fill Pneumatic Valve A3911 is opened., Replenish Pneumatic Valve
A3910, S-1V stage fill and drain Pneumatic Valve E113, and S-IV stage LHo
container vent Pneumatic Valves E114 and E115 are opened when LH, is
detected in the He heat exchanger, LH, then flows through the main fill and
‘ replenish valves and into S-1V stage LH, Container E102, LHg boiloff within
the container is vented to the launch facility burn pond through vent Pneuma-
tic Valves E114 and E115, Quick-Disconnect Couplings E105 and A2389, and
' Check Valve A3376.
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The transfer line and S-1V stage cooldown continues until the LHg container
is 15 percent filled. At this point in the sequence, DAC propellant loading
control equipment generates a command signal that opens transfer line fill
Pneumatic Valve A3306 and lights the COOLDOWN COMPLETED indicator
on the LH, control panel. Simultaneously, the COOLDOWN FILL LINE indi-
cator goes out, Transfer line fill Pneumatic Valve A3306 remains open as
long as the S-1V stage LHo container is 15 percent filled.

1.4.3.6 Main Fill. The DAC command signal that lights the LH9 control panel COOL-
DOWN COMPLETED indicator also initiates the main fill transfer operation. The se-
quence proceeds automatically as follows:

The LH, control panel MAIN FILL indicator lamp lights.
Interlock functions 1, 2, 3, 4, 6, and 7 are in effect,

Transfer line fill Pneumatic Valve A3306 is opened and transfer line cooldown
Pneumatic Valve A3307 is closed, Valve positions are monitored by the per-
tinent OPEN and CLOSED indicators on the LHy components panel. LH,
flows from Storage Tank A3553 through Manual Valve A3303, transfer line

fill Pneumatic Valve A3306, Subcooler A3752, Manual Valve A3379, main

fill and replenish Pneumatic Valves A3911 and A3910, Filter A3905, Quick-
Disconnect Couplings A3159 and E100,and fill and drain Pneumatic Valve E113
into S-1V stage LHy Container E102, The filling rate is approximately 2000

gpm,

When the LHy contaiuner is 92 percent filled, DAC automatic circuitry initiates
a start command to subcooler Vacuum Pump A3751 and subcooler Vacuum
Pump Motor A3939, The 92% TANK LEVEL indicator on the LLHp components
panel lights and subcooler operations begin as follows:

(1) Solenoid Valve A3386 is opened and permits subcooler inlet Flow
Regulator A3309 to function., Liquid Level Probe A3509 senses a
low subcooler liquid level and supplies a high pressure signal to
pnuematic Pressure Controller A3513, The controller output pres-
sure passes through Manual Valve A3412 and opens subcooler inlet
Flow Regulator A3309 to admit transfer line LH2 to the subcooler
shell. As the LH, level rises within the shell, Liquid Level Probe
A3509 supplies a lower pressure signal to pneumatic Pressure Con-
troller A3513. A drop in controller output, over a range of 15 to 3
psig reduces LH2 flow through subcooler inlet Flow Regulator A3309,
and thereby controls the amount of L.Hy admitted to the subcooler
shell.

( 2) Liquid Level Sensor A3511 actuates when the subcooler is overfilled,
and energizes Solenoid Valve A3386, The Solenoid valve vents con-
trol pressure applied to Flow Regulator A3309, and the flow regula-
tor is closed, thereby terminating LHy flow into the subcooler shell.
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( 3) Vacuum Pump A3751 reduces the subcooler shell pressure. The re-
sulting pressure drop lowers the coolant temperature sufficiently
to supercool transfer line LH2 to approximately - 426 F.

(4) Main fill Pneumatic Valve A3911 is closed by Solenoid Valve A3906
when the LHo container is 95 percent filled. This action is initiated
by a DAC command that energizes Solenoid Valve A3906 and lights
the LHo components panel 95% TANK LEVEL indicator. Redundancy
in terminating the main fill operation is provided by a circuit that
delays the DAC command for 15 seconds and closes transfer line
fill Pneumatic Valve A3306 if main fill Pneumatic Valve A3911 fails
to close within 15 seconds after the DAC command is applied to
Solenoid Valve A3906. The LH, control panel MAIN FILL indicator
is lighted and the MAIN FILL indicator goes out when main fill Pneu-
matic Valve A3911 is closed.

1.4.3.7 Replenish, The replenish operation is initiated automatically with the closing
of main fill Pneumatic Valve A3911, The operation proceeds as follows:

a. The LHg control panel REPLENISH indicator is lighted.
b, Interlock functions 1, 2, 3, 4, 5, 6, and 7 are in effect,

c. Replenish Pneumatic Valve A3910 and fill and drain Pneumatic Valve E113 are
are held open by signals from DAC propellant loading control equipment,
S-IV stage vent Pneumatic Valves E114 and E115 are held open by signals from
Launch Operations Control (LOC) automatic circuitry.

d. LHy flows into S-1V stage LH2 container E102 through Manual Valve A3379,
replenish Pneumatic Valve A3910, Filter A3905, Quick-Disconnect Couplings
A3933 and E100, and fill and drain Pneumatic Valve E113, LH, flow through
the replenish valve is maintained at approximately 500 gpim until the LH,
container is 99, 25 percent filled,

e. When the LHp container is 99,25 percent filled, DAC propellant loading con-
trol equipment energizes Solenoid Valve A3922 and deenergizes Solenoid Valve
A3923., The Solenoid valve action repositions replenish Pneumatic Valve
A3910 to provide a 20-gpm LH, flow. Because the reduced replenish flow
is less than the LHy boiloff rate, the container LHp level drops to the 99
percent full level,

f.  When DAC propeliant loading control senses this level drop, replenish Pneu-
matic Valve A3910 is repositioned to resume 1.H, replenish at 500 gpm,
The replenish flow is repeatedly cycled between 500 gpm and 20 gpm until
final topping is initiated.

1.4.3.8 FIinal Topping. LH, container final topping is initiated 10 seconds after the
S-1 stage firing command is given at T -150 seconds., LOX container pre-pressur-
ization is initiated at T -150 scconds, and I.Ho container pre-pressurization is ini-
tiated at T -140 scconds. The topping operation occurs as follows:
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System interlock functions 1, 2, 3, 4, 5, 6, and 7 are in effect.

LH, container vent Pneumatic Valves E114 and E115 are closed by Solenoid
Valves E209 and E210 at T -140 seconds. Position-feedback signals from the
pneumatic valves initiate a 50-to 500-psig He pre-pressurization supply from
valve panel B ( volume V). The pre-pressurization supply is admitted to
the LH2 container through Quick-Disconnect Couplings A2653 and E250 and
Check Valve E251 and subsequently increases container ullage pressure

to approximately 36 psia.

Upon initiation of final topping, Solenoid Valve A3923 positions replenish
Pneumatic Valve A3910 to provide a 500-gpm LH, flow into the LHy con-
tainer,

At T -135 seconds, Solenoid Valve E211 is opened to ensure that vent Pneu-
matic Valves E114 and E115 are closed. The solenoid valve is again closed
at T -130 seconds,

The S-1V stage LHg container is 100 percent filled at T -90 seconds. DAC
propellant loading control equipment closes replenish Pneumatic Valve A3910
and fill and drain Pneumatic Valve E113. The L.H, control panel REPLENISH
COMPLETED indicator, and the LLHg components panel 100% TANK LEVEL
indicator are lighted,

When LHoy container pressure reaches 37,25 (+ 0.73) psia, Pressure Switch
E276 actuates and provides a signal that terminates the He pre-pressurization
supply from vialve panel B, Switch deactuation at 35.75 (+ 0.75) psia re-
initiates the pressurization supply if LH, container pressure should drop
before vehicle launch.

When the LHy container is completely filled and pressurized, transfer line
vent Pneumatic Valve A3912 is opened by Solenoid Valve A3925. LHg in

the transfer line is vented to the launch facility burn pond through Check Valve
A 3378,

The position feedback signul from transfer line vent Pneumatic Valve A3912
opens a solenoid valve in valve panel A (volume V) to initiate a 50-psig

He purge supply that is coupled into the transfer line and the launch facility
vent stack.,

When DAC propellant loading control equipment senses that the LH2 container
is 100 percent filled, Vacuum Pump A3751 is stopped, subcooler inlet Flow
Regulator A3309 is closed by Solenoid Valve A3386, and He heat exchanger
LH, inlet Pneumatic Valve A3917 is closed by Solenoid Valve A3931. If the
subcooler inlet flow regulator and the heat exchanger LHo inlet valve fail to
close within 10 seconds after the closing command is given, transfer line fill
Pneumatic Valve A3306 is closed to terminate LH, flow.
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j. At vehicle liftoff, swing arms No, 2 and No. 3 disconnect all S-IV stage
connections to ground complex fill, vent, and pressurization lines and the
DAC propellant loading control equipment closes transfer line vent Pneumatic
Valve A3912,

1.4.4 Launch Cancellation Operations - If a launch cancellation occurs during or after
prelaunch LHg transfer, LHg is drained from the S-1V stage LH9 container and trans-
ferred back to the LHy storage tank. The system prerequisites for draining are the
same as the prerequisites for prelaunch LH2 transfer with one exception; DAC propel-
lant loading control equipment places the S-IV stage in a drain status. When the neces-
sary prerequisites have been satisfied and the S-1V stage is ready for draining, the
DAC automatic control circuitry generates a signal that lights the LH9 control panel
DRAIN STANDBY indicator. The drain sequence proceeds automatically when the LHy
control panel DRAIN pushbutton is pressed, The DRAIN STANDBY indicator goes

out and the DRAIN SEQUENCE indicator is lighted. The sequence occurs as follows:

1.4.4.1 Initial Setup. A DAC drain command signal is applied to Solenoid Valves A3386
and A3931 to close subcooler LH2 inlet Flow Regulator A3309 and heat exchanger LH,
inlet Pneumatic Valve A3917, respectively. If either A3309 or A3917 does not close
within 10 seconds after the DAC command is applied, transfer line fill Pneumatic Valve
A3306 is closed to prevent further LH, flow.

1.4.4.2 LH, Storage Tank Venting. Before LH, can be transferred from the S-1V
stage to LH, Storage Tank A3753, storage tank pressure must be vented. The venting
operation is initiated by the drain command and proceeds as follows:

a. The VENT STORAGE TANK indicator lamp on the LHy control panel is lighted.
b. Interlock function 6 is in effect.

c. Vaporizer inlet Flow Regulator A3305 is closed by Solenoid Valve A3387 to
prevent further storage tank pressurization,

“d. Replenish Pneumatic Valve A3910 is closed by Solenoid Valves A3923 and
A3922 and main fill pneumatic Valve A3911 is closed by Solenoid Valve A3906,
Closure of these valves prevents further draining of the S-1V stage LHo con-
tainer. If closure is not eifected within 15 seconds after the closing command
is given, transfer line {fill Pneumatic Valve A3306 is closed. Fill and drain
Pneumatic Valve E113 is opened.

e. An S-1V stage LH, drain sequence secure signal is relayed to DAC control
equipment, and an S-1V LOX tank pressurization signal is relayed to LOC
control equipment.

f. A closed position feedback signal from Flow Regulator A3305 opens vent
Pneumatic Valve A3304, The valve position is monitored by the appropriate
indicator on the LHo components panel. The storage tank is vented to the
storage area burn pond through Vent Valve A3304 and Check Valve A3365.
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g. Pressure Switch A3535 actuates when tank pressure drops to 2 psig and lights
the VENT COMPLETED indicator on the LCC LHy control panel,

1.4,4,3 S-IV Stage LH, Container Pressurization, As the LH, storage tank is being
vented, the S-1V stage LHo container is pressurized. When the storage tank pressure
drops to 8 psig or less, as sensed by Pressure Switch A3536, the following sequence
occurs:

a. The PRESSURIZE S-IV TANK indicator on the LHy control panel is lighted.
b. Interlock functions 3, 6 and 11 are in effect.

c. Vent Pneumatic Valves E114 and E115 are closed to prepare the LHo container
for pressurization. A closed position feedback signal from the vent valves
energizes a solenoid valve in valve panel B to initiate a 50-to 500-psig He
pressurization supply. The pressurization supply enters the LH2 container
through Quick-Disconnect Couplings A2653 and E250 and Check Valve E250.

1.4.4.4 LH, Container Draining, LH2 container draining is initiated when container
ullage pressure increases to a minimum of 17 psig. The LHy control panel PRESSUR-

IZED COMPLETE indicator lights, and the drain sequence occurs as follows:

a. Interlock functions 3, 6, and 11 are in effect.

b, Main fill Pneumatic Valve A3911 and fill and drain Pneumatic Valve E113 are
opened, If closed, transfer line fill Pneumatic Valve A3306 is also opened.

c. The LH, control panel DRAIN indicator is lighted.

d. LH, flows from the S-IV stage LH, container through fill and drain Pneumatic
Valve E113, Quick-Disconnect Couplings E100 and A3933, Filter A3905, main
fill Pneumatic Valve A3911, Manual Valve A3379, Subcooler A3752, transfer
line fill Pneumatic Valve A3306, and into the storage tank through Manual Valve
A3303.

e. Temperature Switch A3575 actuates when transfer line temperture increases
to -406 F and signals the completion of draining, Temperature switch actuation
lights the LH2 control panel DRAIN COMPLETED indicator.

1.4.4.5 Transter Line Warm-up. Transfer line warmup is initiated when the transfer
line inlet temperature increases to -406 I, The sequence occurs as follows:

a,  The LH, control panel LINE WARM-UP indicator is lighted.

2

b. Interlock functions 3, 6, and 11 are in effect,

c. Transfer line fill Pneumatic Valve A3306 and main fill Pnecumatic Valve A3911
are closed,
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d, System control is returned to DAC propellant loading control equipment when

a closed position feedback signal is received from main fill Pneumatic Valve
A3911,

e. The LH, container prepressurization supply from valve panel B is terminated,

f.  Transfer line vent Pneumatic Valve A3308 is opened to vent the transfer line
to the storage facility burn pond,

g. Vent Pneumatic Valve A3304 is closed by the position feedback signal from
transfer line fill Pneumatic Valve A3306, or when the storage tank ullage
pressure drops to, or below, 2 psig.

h, The transfer line is vented for 3 hours before transfer line vent Pneumatic
Valve A3308 is closed,

i.  Automatic sequencing terminates at this point in the seauence, and the LH,
control panel LINE WARM-UP indicator lamp goes out,

1.4.4.6 Manual Inerting. Manual inerting of the transfsr line and LHy storage facil-
ity is initiated at the closure of transfer line vent Pneumatic Valve A3308. The READY
FOR INERTING indicator on the LHy control panel is lighted and the sequence occurs as
follows:

a. Solenoid Valve A3318 is closed manually from the LH‘2 components panel,
b. Manual Valves A3301, A3303, and A3343 are closed,

c. Manual Valves A3336 and A3337 are opened to supply low pressure GN2 to
the transfer line. The GN, supplied at Coupling A3937 passes through Manual
Valve A3337, Orifice A3606, and Manual Valve A3348 to the transfer line.

d. Helium heat exchanger LH_ inlet Pneumatic Valve A3917 is opened for 1
hour. Subcooler inlet Flow Regulator A3309 is opened for 5 minutes. The
He heat exchanger and Subcooler A3732 are purged by GN2 supplied to the
transfer line. Pneumatic valve and regulator positions are monitored by
indicators on the LH, components panel,

e. Steady-state vent Flow Regulator A3338 is opened by Pressure Controller
A3551 to vent Storage Tank A3753. Tank pressure may be maintained at a
positive pressure of approximately 0.5 psig by adjusting Pressure Controller
A 3551,

1.4.5 S-1V Stage LHp Utilization

1.4.5.1 LH, Container Pressurization. LH2 container pressurization provides
necessary structural integrity to the S-IV stage propellant tank and provides a net
positive LH2 suction head to the RL10A-3 engine fuel pumps. During the period
between LH, replenish operations and RL10A-3 engine shutdown, the LH, container
receives four levels of pressurization.
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The S-1V stage LH, Container E102 is pressurized to a nominal pressure of
36. 5 psia during LH, replenish operations, Pressurization is initiated by
DAC propellant loading control commands when the LHo container is 95 per-
cent filled. Immediately prior to liftoff, Pressure Switch E278 signals ina-
dequate tank pressure for liftoff if tank pressure drops to 33.5 (+ 0,5) psia,
and the launch is halted, However, if pressure is 34.5 ( + 0.5) psia, the
pressure switch signals minimum pressure for liftoff and the launch opera-
tions are continued, To maintain container pressure between 37, 25 (+ 0.75)
psia and 35.75 (+ 0,75) psia, Pressure Switch E276 controls the opening

of a prepressurization solenoid valve in valve panel B,

LH, container pressure remains substantially constant during S-1 powered
flight until the LH, pre-start command is initiated. An appreciable pressure
drop occurs however, during LHy chilldown of the RL10A-3 engine. Pressure
Switch E277 opens Solenoid Valve E257 and E 255 to admit make-up pressure
to the LH, container from the S-1V stage control pressurization system if
pressure drops to 30.5 (+ 0.5, psia., He at 3000 psig, supplied through
Solenoid Valve E257, Check Valve E258, Orifice E259 and E253, Solenoid
Valve E255,and Orifice E256,increases tank pressure to 31.5 ( + 0.5, psia
and make-up pressurization stops. Pressure Switch E277 controls container
pressurization between 30.5 (% 0,5) psia and 31.5 ( £0,5) psia until chill-
down operations are completed, A system interlock function at T +4, 6 seconds
renders the make-up pressurization system inoperative for the remainder of
S-1V stage powered flight,

When RL10A-3 chilldown is initiated, additional LH, container pressurization
is provided, as required, by the action of LH, container Pressure Switch
E279. Pressure Switch E279 actuates Solenoid Valve E254 at a container
ullage pressure of 27.5 ( + 0.5) psia and remains operative until the propel-
lant utilization system commands Solenoid Valve E254 to remain open during
the latter period of S-1V stage powered flight, The pressure switch is ren-
dered inoperative as long as the ullage pressure remains above 29,5 (= 0.5)
psia. Solenoid Valve E254 provides He for container pressurization until

T +4.6 seconds, when the make-up pressurization system is rendered inop-
erative,

After engine ignition, LHy container pressurization is supplied by 340-psia
GHy from RLIOA-3 engine LII2 container pressurization lines, The pressure
is reduced to approximately 34 psig by Orifice E253 to maintain adequate
tank pressurc as LH2 is depleted. Electropneumatic Valve E255 supplics
additional He to the LH, container through Orifice E256 upon receipt of a
command signal from Pressure Switch E277 that indicates a container pres-
sure drop below 30,5 (+ 0.5) psia. Pressure Switch E277 controls the open-
ing and closing of the electropneumatic valve to maintain LH, contiainer pres-
sure at 30.5 ( = 0.5) psia until approximately 370 seconds after RL.L1I0A-3
engine ignition,
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e. Additional LHy container pressurization is required during the last 100 sec-
onds of powered flight to ensure that a net positive suction head is maintained
at the RL10A-3 engine turbopump inlets. At approximately 370 seconds after
RL10A-3 engine ignition, a propellant utilization system command opens
Electropneumatic Valve E254 to admit additional GH, from the engine LH,
container pressurization lines to the LHy container. GH, at approximately
340 psig is applied to Orifice E252, and the flow through the orifice increases
container pressure approximately 10 psig. For the remainder of S-1V stage
powered flight, LH_ container pressurization is maintained by Electropneu-
matic Valve E254 and Orifices E252 and E253.

f. Differential Pressure Switch E275 prevents the possible collapse of the
LHZ/LOX bulkhead should LH2 container pressure exceed LOX container

pressure during flight, When LH, container pressure exceeds LOX container
pressure by 1 ( + 0.1) psid, Differential Pressure Switch E275 actuates and
sends a signal that energizes Solenoid Valve E209, Control pressure flow
through the solenoid valve opens vent Pneumatic Valve E115, thereby reducing
LH2 container pressure,

g. Vent Pneumatic Valves E114 and E115 provide LH_ container overpressure
protection by relieving excess pressure at 44 psia, The valves reseat at
41 psia,

1.,4.5.2 LH_ Consumption, LH_ consumption is initiated during RL10A-3 engine
chilldown, ’1?'he fuel inlet shutoft2 Pneumatic Valves El ( volume IX) are opened during
SI/S-1V stage separation to supply LH_ to the RL10A-3 engines., LH_ flows from the
LH_ container, through each of six suction lines and fuel inlet shutofi2 Pneumatic Valves
E1l %o each RL10A-3 engine turbopump inlet., During engine operation, the LH2 mass
flow to each engine is approximately 5. 88 pounds per second. Sensor E107 senses

LH_ container LH_ level and provides continuous monitor signals to the S-1V stage
propellant utilization ( PU) system, When LH_ depletes to approximately 83 pounds

of residual fuel, the S-1V stage PU system initiates engine cutoff.




SECTION 2
INDEX OF FINDING NUMBERS

This section contains an alpha-numerical list, by finding number, of LHy fuel system
components that function during a prelaunch countdown, during vehicle flight, or in
the event of a launch cancellation, The finding numbers listed identify components

on system schematic diagrams provided in section 3, Additional columns in the index
of finding numbers provide such pertinent information as component description and
function, part number, and the supplier’s name and part number, A break will occur
in the alpha-numeric sequence of finding numbers when a component or component
series is non-functional during the countdown, functional only in the event of a mal-
function, functional only during a maintenance operation, or part of another functional
system,

The letter prefix of a finding number identifies the component with either the launch
complex or an area of the launch vehicle, The area associated with each prefix is
noted bhelow,

FINDING NUMBER

PREFIX DESIGNATED AREA
A L.aunch complex
B S-1 stage
E S-1V stage
G Instrument unit

H Payload



TI¥$9¥01 d029T1 19PONN ON ¢ ‘Ul 8 orewmougd ‘9ATEA I $08eV
‘0D utuuy YL
LOP¥I¥01 wB-MoTEwoFLU 19POIN ‘ur 9 [eNUBRIN ‘9ATEA I coeeV
‘ou] ‘9ATBA O1jIoRd
03LT TPPOIN Cout o1 ‘
Ijewnaud "SA[BA 1 2088V
80¥¥9V01 00 WUy YL ON 13
IM-0T-LA0TL-D T9POIN ur nuBIy ‘OATEA I 1088V
SO¥P9P 01 ‘oul ‘SOATEA OLIOEd 1 g e
‘weysAs sty) 01 a1qeorjdde A[reuorjounj jou d3Je Q0EEV y3noays 691€V
£-98990INSL a8and Suridno) 201J1X0 1 891V
Z-CTLIOWGSL o8and oATBA 921110 1 LITEV
T10G-192T1L8¢E o3and wmniaH jJoayD ‘oAlBA 1 9918V

‘wieysAs s1yj o3 afqeoridde A[[euorjouny jou aIe G971

eV ysnoays 0918V

Z 109UUOIST=ITNG)
- £
298%0-NLSA 1ddns "H'T Surtdnon 1 6S1EV
‘wieysAs sy} 0} a[qeordde A[[euorjouny jou axe §GTEV USNOIY} 1SIEV
G0950-NSLV oATeA AatpeH Jomyg orjewmaud ‘9ATBA 1 0STEV
‘wig JaquinN JaquinN
o014 Sumeaq JOpUaA SYIBWIY jusuodwio) pbay Surputd

2.2



-98-¢0g-S [9po .
29SP9%01 .%O szm%um om2~ wmﬁuh Jjomys ‘‘ur g [ENUBIA "SATEA I €CEEY
L-95-¢0¢-S 19poIA! ] ‘
2SSPIP0T ‘00 m::Mﬁ% o§~ mﬂﬁm_ Jomys ‘°ur g/ [BNUBIN "SATEA T cceeyY
‘wdhshs sty3 03 orqesridde A[reudnouny 3du st 12€€Y
! O0TLT [SPOIN ‘
i 60¥F9701 . ‘ur g [BNUBIA "9ATBA T UASA
_ 0D uruuy ayf,
‘weshs s1y) 03 aiqeorjdde A(reuorioung “L: ST 6IEEV
G8T-AIN T9pOoIN ON ‘
o0
LZ¥¥9%01 *dxo) 9ATRA B1IOIBRIN ‘uonyrsod-g ‘Aem-7g PIOUD[OS "9ATBA T 81¢EY
"welsAs styy 03 arqeoridde A[reuoriouny jou aae LIEESVY USnoayy greey
aanssouad jeuldis 8isd ey 01 ¢
9T$¥9¥ 01 . 09LT PO ‘oanssaad xoyenjoe 8rsd ¢g Mol “Jojengoy T 60€SV
0D uruuy ayL ‘ON “urt
apo
E0¥P9¥01 .oOoMMH:M\. Msu\rm ON “"urg/1-1 orjewInaud 9ATBA T 80€EV
LT T9POIN ‘. ‘
G0¥¥9%01 . 0.l 19P ON “rurg/1-1 JTewinoud “SAlBA 1 LOEEV
0D uruuy oy,
T0¥PP9%0T HM-MOT-DOLA0TL-D T9POIN ‘e ‘
! “ouf ,mm>ﬁ~m> owﬁw&m ON 'urg Sonewmaud “oAlBA T 90€EeV
aanssoad [eudis Sisd 7 0} ¢
OTF¥9%01 . 09LT PO ‘aanssaad 10remoe Sisd g7 MOTd ‘aojemey I SoLeVY
0D uruuy ayJ, ON UL Z/T-T
‘wAg Jaquiny . JaquinN
0013 Sumeaq JIOPUDA SHJIBWIY juouodwos phay w:autc_ 1

2.3




L-9S-€0€-S ToPOIN

ZSSPIv 01 ‘0ry BUWED oW SIItH ureap ‘ON ‘°ur g/1 [enueIN ‘9ATBA 1 geeeyv
dz971 19PN ‘
1GS¥9%01 ‘o) ‘aduyg jueA ‘tur g/1 Tenue]N ‘9ATEA I veesv
SOTUOI}O9[H-WNNOBA
0TLT T9POIN . ‘
ur nue 9AT® £eeevy
$0¥¥9%01 ‘00 UTUUY oYL 13 [enueA ‘9ATEA 1
0TLT T9POIN . ‘
ut nue oA 43394
FOFF9% 0T ‘00 WY YL 13 fenue]N ‘9ATBA 1
0TLT 9PN ‘
‘ut nue 9A ce
F0¥$9¥01 -07y WTUUY YL 13 renueN ‘9ATEA 1 1€€€Y
0TLT 19PON ‘
‘ut nue oA G
FO¥¥9¥01 P — 4 renueN ‘9ATBA 1 0€€EV
L-9S-£0€-S 19POIN ‘. ‘
9ATE
28SP9¥0T1 ‘00 BUUR) OW STITH pomys ‘- ur g/ Tenue]N ‘OATEBA T 628€V
1-9S-£0€-S 19POCIN ‘. ‘
omys ut nue 9ATE
ZSSP9¥01 0D BuUUER) OW SITH Bomy 1g/1 TenueN ‘9ATBA I 82€€V
L-9S-£0€-S 19pOIN . ‘
28SHIV0T -0ry BUUED S S{H pomys ‘urg/1 Tenue]N ‘9ATBA 1 LZEEV
dz91 ﬁwwOE
‘0D "aduyg ‘ ¢ ¢
165%9%01 SOTUOI}00]d WNNOEA poinys ‘ON ‘- urg/1 [enue N ‘9ATBA 1 92eeVvV
dg9T1 19POIW
TSEPOVOT| o moole S jonys ‘ON “°ur g/1 fenue N ‘oATeA | T ZeEV
GN9-DA [°PCIN = ‘
0SS¥9V0T| .., 4oIEos0Y WNNIBA yponys ‘‘ur 9 [enue N ‘oAfBA 1 $2eeV
‘wAg JaqunyN JaquInN
~091q Suimeaq JOpUaA SHIBWAY Muauodwo) pbay Sutpuld

2.4




LP-062DISS 19pON

JuoA uoz ¢ og..n ¥/1 .—.N._.\:HNS .®>,_.vm> 1 LYEEV
6SSYOVOT| .oy ‘woneray surqqoy /
L¥-0S8Z2DSS 19pPOIN LA ‘ON *°UT §/1 [EnueN ‘9ATEA 1 IFeeEv
6SSYOVOT iy cwonyeray surgqoy
T-G% 19PCIN Indyno Brsd g aanssaad ‘iaojemssy 1 Gyeev
0c¥¥9701 00 IOUISAOY) I9YSTI ‘mdur Jrsd g *°ut z/1
0Z8T-AN 19POIN ON prousfog ‘earea| 1 PHeev
Te¥¥9¥01 *d10D) GATEA BNOIEI tuonyisod-¢ ‘Aem-g
L-98-€0€-S 19pPOIN e nue ‘oA T eveev
ON ‘‘urg/1 [BNUBIN "SATEA
285HIB0T ‘00 PUUED oW SIIH /
aanssoad (eudis Sisd g1 01 ¢
LIFFOP0T 09LT T9POIN ‘aanssoaxd J103enjoe .HmQ g% MOTd *.Honwﬁﬂd,wmm 1 7HeeVY
*00) UTuuy oyl ‘ON ‘°ur g
L-98-60&-S 1°pOIN ‘ ‘e nue| ‘oATBA T 19eeV
A ‘ON ‘Ul /1 Te W Te
25SHIPOT rory TUUE O SIIH /
L-98-20&-S T9pOIN omys *"ur z/1 enuBIN ‘9ATBA T o¥eevY
ZSSHITOT ‘00 BUUED O STITH e re/
‘wrdyshs sty3 03 d1qedt{dde AJfeucrjouny jJ0U ST 6EEEY
aanssoad Teudis 31sd g1 03 ¢
099T T9POIN ‘aanssoad xoyenjor Jisd 6z ;o1 ‘r101ETNSSY 1 8EEEY
ST¥P 9V 01 00 UTUUY SYL ‘N ‘UL &
20CHOMOT L-98-€0€-S T9PON jjonys * *ur g/1 Bnue N ‘9ATBA T LEEEV
‘0D 'uue) SN SIITH
L-98-€0¢-S T9poIN omnus * *ut TBnueIA ‘9ATBA T 98eeVv
28Sh9POT ‘0p BUTED oI S{ITH Bonus ‘"t g/1
, JaquinyN
‘wAg JaquinpN dwor ba
aopus SYIeWIY jusuodwoy) pbay
0914 Suimeaq PUeA g 3uiputy

2.5




L¥-092D3ISS TPPOIN

‘0ATeA

6GEEV

6SSVIVOT| -5y ‘worperay suIqQoM pomys ‘*O°N ‘Tur /1 Tenue T
6SST9¥0T .oﬁeﬂwﬁmmwwmmqﬂﬂwm jomys ‘*O°N ‘‘ur §/1 TenueN ‘9ATBA 1 8GeeV
65S¥9¥0T .oﬂeﬁmﬂmmwwmmhmwwm jjomnys ‘*O°N ‘'ur ¥/1 [enueN ‘9ATBA 1 LGEEVY
6SSH9T01 .oﬁaﬂ%me,Mmmﬁmwmmm jueA ‘DN ‘‘ur ¥/1 [enue N ‘9ATEA 1 98geV
.Eor%m sty} 0} 9[qeoridde A[feuoriouny jou ST GGEEV
6SSY9¥01 .oahﬂ%m”wwmwzﬂwwm poinys ‘ON ‘°ur §/1 Tenue]N ‘SATEA 1 pceev
6SSH9T0T .oaeﬂ%ﬂmmwwmmhwﬂwm ponys ‘ON ‘‘ur /1 [enue]N ‘9ATBA 1 2seev
69SH 9701 .oﬁeﬂwﬁmmwwquﬂwwm pomys ‘ON ‘'ut $/1 Tenue]N ‘9ATEA I 1568V
6SSH9%0T .o&eﬂwﬁww’%mﬁﬁﬂm jueA ‘ON ‘U F/1 Enuel ‘oAreA| 1 0sEeV
5GCHIPOT . .wﬁ\wﬂwwm.\waqmmﬂwﬂﬂaw aanssaxd unjoeId wﬁmg. m%HM HoOUD ‘OATEA . eheey
£SGHIF0T mw Mw\mwwowawwwmw sanssoxd wﬁxoﬁw.wmmg \M Yooy ‘eAlA| 1 8YEEY
“wAg JoqunN JaquIinN
091 Suimeaq JOpUaIA SyIeWaY juauodwo) pbay Surputy

2.6




L¥-0S2DMSS 19PON

6SSPIVOT| .o cnonyeray Surqqoy juaA ‘ON ‘Tur $/1 TenueN ‘9ATEA 1 TLEEV
69SH9%0T .oS&wm%meWmmmﬁﬂﬂwm poinys ‘*O°N ‘'ur $/1 enueiN ‘9ATBA 1 0LEEV
65GVITOT| . oaeﬂ%mmw,wmmhwwwm pomys “"O°N ‘'ur ¥/1 [enue N ‘9ATBA 1 698EV

poinys ‘ON [erue|N ‘OA[BA 1 89£EV
69SH9¥0T L¥=09gDSS [oPON juaA ‘ON ‘'ur ¥/1 TenueN ‘9ATBA 1 L9€EV

*ou] ‘UOTJETAY SUIGYOY

‘wajshs styy 03 oqeoridde A{reuorjouny j0U ST 99EEV

9v6L1T-dd 19POIN

asanssaad Sunjoeao J1sd 1

s ¢

SSEFIFOTL 1 gy oates wewdeyD Cour g renue ]\ ‘9ATEA 1 G9eeV
L¥-052D3SS 19pON Comyong €0 ‘

6SSYIPOT| . 1 wommrAy surqqoy ponys *O°N U ¥/T Ui eATEA L 1 vogev
L¥-082DMSS 19PoIN Comy oy €0 o ¢

6SSYIPOT| . 41 smomeray suqqoy pomnygs ‘"O°N ‘'ur ¥/t Tenuz] "9ATEA 1 €98EV
L¥-092D3SS 19POIN Comeng ¢ 0 AT €

6SSYIVOT| .o woyeray surqqon pomys ‘*O°N ‘Ul ¥/1 [enue A “9ATEA 1 29eeV
L¥-092D3ISS 19PON Coyonp €0 ‘

6SSYIVOT|  .oir ‘woneray SUIGQOY pomys ‘'O°N ‘"W /1 [enueN ‘OATBA 1 1968V
Ly-0829O3SS 19PON Comong €0 ‘

6SSPIVOT| .1 ‘womyeray surqqou pomys ‘*O°N ‘"W §/1 Tenue N ‘OATEA 1 09€€V

‘wAg JaquunN O o duio: b Jaquny

001 Suimeaq puUaA HIBWaYy juauocdw o) pboy Sutputd

2.7




L¥-08gD3SS I9POIN

omys ‘‘ur /1 [enueIN ‘9ATBA 1 ¥8EEV
6SSPIPOT| .o Coneray Suqqon Bomy /
1$€2-0L 19POIN our ‘oA £8eev
11 }oauD ‘oAeA !
$95¥9%01 ‘00 TjoMod WEIITIM
Ly6LT1T1-9d T9PONN ur ¢ JoouD ‘9ATBA 1 2888V
€9S¥9%0T}, o gr i oarep wewdey) :
69579701 Ly-052931SS 19O oA ‘ON *"UI $/T Tenuey ‘oATEA | T 188EV
*ou ‘UOTJRTAY SUIQQOY
SN9-DA 19POIN ut [ENUEI ‘OATBA 1 088€V
095%9701 ‘0D YOIB9S9Y WMNNOBA '9
AM-0T-LAOTL-D TOPOIN o ¢ eur nwey ‘oarea| 1 6LEEV
_ YTHPOVOT ‘o] ‘SOAEA OTTORd 0N 9 I
L ]
8%6LT1T-9d T19POIN - ‘
. T yo9yD ‘9ATBA 1 8LEEY
VESPIVOTLe § vgri oates wewdeyD ¢
9%6L1T1-dd T9POIN ‘ut ‘
18 ¥o9yD ‘oATeA 1 LLEEV
SGSVIVOTL, 1 10 oatep wewdeyqD
95GFIT0T goyLiL-dd 1oPOI eanssaxd Fupjoeto Bped 2 yoouy PAA| 1 9LEEV
0D "SJIN oaTeA uewdey)d ‘ur 01
‘washs sty 01 o[qesridde A[[euorjouny J0U Ik GLECV PUB FLEEV
L¥-0G62DISS TopoIN omnus ¢ ‘. nue ‘oA eLeeV
6SS¥970T| .1 ‘voreray surqqoy pomys ‘ON ‘°ur §/1 renuwey ‘9ATEA 1
L¥-0592D3ISS 18PoN Comong €o ‘
onys uI nueA ‘9ATBA T cLEEV
6SS¥OV0T| .o evomeray surqqoy pomys **O°N U §/T I
wny
‘wAg J9qUINN SYIBUID juauodwio) pbay 9
- Suime1q J0pUaA A q Suiputd




d1L¥.-AN 19POA

ON ‘uonyisod-z ‘Aem-¢ PIOUs[OS ‘OATEA 1 96E€V
STPPI¥OT -d105 OATEA BPOIBI
dLyL-AN T9POIN ‘0 °N ‘uontsod-z ‘Aem-g proua[os ‘9ATBA T S6EEVY
STFFI%0T -d107) SATEA BNOTE
dL¥L-AN T9POIN ON ‘uonirsod-z ‘Aem-g pIOuUSIOS ‘9ATBA ! vecev
SIPPIV 0T -d10D) OATEA BHOIEIN
d1¥L-AN T9POIN ‘0N ‘uonisod-g ‘Aem-g PIOUSTOS ‘9ATBA 1 €6EEV
eIFPIP0T +d105 BAEA BNOTEN
dLV.-AN 19POIN ON ‘uomyisod-g ‘Aem-g¢ preusos ‘eABA 1 Z6eeV
dLYL-AN T9POIN ‘O °'N ‘uoprsod-z.‘fem-g¢ pIOUaIOg ‘SATBA T 16€€V
dL¥L-AN T9pOIN AN ‘uoritsod-z ‘Aem-¢ pIOUSIO] ‘9ATBA T 06EEV
dLVL-AN TePOIN ‘0 °N ‘uomyrsod-z ‘fem-g¢ pPIOUD[OS ‘OATEA 1 68¢EV
dLVL-AN 19PO ON ‘uorjisod-g ‘fem-g pro usfog ‘oATEA T 88ECY
gLYL-AN PO ON ‘uoryisod-g ‘fem-g PIOUSIOS ‘9ATBA 1 L8EEV
STFFIT0T -d100) OATEA ENOIEIN
GLVL-AN [9PO ON fuomsod—g ‘Aemeg prousios ‘eareA | 1 9868V
ETPYOrO0T *dxo) aATEA BROIBIN
L¥-062D3SS 19pOIN gomys ¢ *ur /1 TenusN ‘9ATEA T GBEEY
Jaquny
‘wAg JdaquinN I0pUaA SHIBUWAY Juauodwo) pbay Suipuryg
*091d duimeaq




L¥-092O3SS 19PON

ueA ‘ON ‘°ur nuey ‘9ATeA 80¥EV
6GSY9V0T ‘ou] ‘UOTIBTAY SUIGQOY 1 ON 1%/1 e Te 1
L¥-0SZ3O3ISS 19po N ‘
‘cu nue d9A LO¥E
BSSYIVOT | . iy worperay surqqoy ON “‘ury/1 Tenue]y “9ATEA 1 0veEV
L¥-083D3ISS 19PN . ‘
nue oA
695¥9%01 "ou] ‘UOTIRIAY SUIGYOY ON “"ut /1 e N TBA T 90¥EV
L¥-082D3ISS 19PN
6SS¥9¥01 ¢ ‘e nue|y ‘oA
“5Ul ‘UOTJRIAY SUTQQOY jomys ‘ON ‘‘ur /1 renue N TeA T So¥ev
‘woysAs styy 03 aqeoridde A[Teuorjouny J0uU ST F0PEY
L¥-063D3ISS 19POIN ‘ “e ‘
65S¥ 9701 “ou] ‘UOTIBIAY SUIQQOY jusa ‘ON ‘‘ur /1 TenueN "9ATBA T c0¥EV
dd¥-161T I9PCIN S1sd 1 *0- aanssaad uryoeas .
29YD ‘oA
wmmvwwoﬁoﬂ $10NpoId Te8s A1PIID “eur g/t ¥oaypd TEA T 411254
L¥-082D3ISS 19PN Copyong 6o ‘
69SP9¥01 "Ou] ‘UOTIBIAY SUIGON Jjjonys ‘*O°N ‘‘ur /1 [enueA "9ATEA T T0¥EV
*wosAs s1yj 03 arqeorrdde A{Teuorjounj jou ST 00FLY
L¥-0G62 DIISS 19POIN Copy o ‘e ‘
6SS¥9%01 "Oul ‘UOTRIAY SUIGQOM pomys **O°N ‘ur /1 [enUe]A "SATEA T 66E£E€V
dLVPL-AN T9pOIN
. . [} Q' .% - 3
STV 9701 +d100) 9ATEA BYIOIEIN O°N '"uonisod-g "ABM-§ PIOUS[OS "9ATBA 1 86€EV
ST¥PIY 01 dLPL-AN [SPON e onp 6 o ¢ _ ‘
+d100) OATEA BNIOTEI O°N ‘uorjrsod-z ‘Aem-g prousiog ‘9AfeA 1 L6EEV
“wAs ToqUIMN J0pus SHIBW uauodwo ba TOqUINN
*0a1q Suimeaq PUuoA = 4 ! O PRI | guipurg

2,10




*wasAs sty) 03 eqeorrdde Ajreuo

T

10uny J0U ST £0GEV

2anssald Terjuadaajjtgq

S0£99%01 aguex reurwou prsd -9  1oonpSUELL 1 Z0Sev
*we)sAs sty3 03 ofqedrdde A[reuorjouny jou daae 108¢V ySnoay3 8IHEV
L-98-€0€-S 19poIN ‘ . ‘
L9SH9%01 -00 BUUB) O SIITH ureap ‘ON ‘ur z/1 [enueN ‘9ATEA 1 LIPEV
L¥-092D3ISS 19POIN arexn ¢ o .
BSSYIVOT| 5y ‘worgeray surqqoy Telp DN “'ur $/1 [enuEN ‘OATEA T VeV
omnys ‘uomisod-z ‘Aem-
88199507 WO e ey \M EnwEW ‘oAreA | 1 STPEV
3 0 aanssaxd j9s prsd oInssald
8T99%01 3os prsd g/1-1 rerueIoNId ‘1o WT 4 yivev
Ly-0S2D3ISS [9po N ‘ . ‘
6SSH9%0T “oU] ‘UOTIBTAV SUIGQOH pomys ‘ON ‘‘ur /1 Tenue N ‘oATeA 1 eIbev
L¥-052D3ISS [9poIN ‘ . ‘
6SS¥9%01 ‘o] ‘UOTIBIAY SUIqQON Jomys ‘ON ‘‘ur /1 [enue N ‘9ATEA 1 eIPEV
d92T1-1L6S8 [9POIN ‘ "ou] . ‘
mom%woﬁoo 810NPoLd [E6S 9OITD ur ¥/¢ Ho9yD ‘eATeA T 195434
L¥-052D3ISS 19POIN ey ong € e . ‘
65SSY9¥01 ‘OU] ‘UOTIETAY SUIGQOH JudA "O°N ‘‘ur /1 rente N ‘9ATEA T 0T¥evV
L¥-0S2D3ISS [9pO Comonp € o ‘
6SST9T0T *OUl ‘UOTJETAY SUIQGON jomys ‘*O°N ‘‘ur /1 [enueN ‘9AlBA I 60¥EV
*wAg JaquInN JaquinN
~oorq Sumesq IOpusp SYIBWAY ouodw o) pbay Surpurg

2.11




nun d 661 19POIN

ndino 31sd 61 03 ¢
¢ *ggoad Surenyoe (CH "ur 0 01 g

oTewmaud

S1GEV

0T099%01 | TenTwsuel], $.g 19POIN ‘ ‘
uolIedq ‘[oas] ¢HT jusd1ad o 03 001 2Inssald IS[0I3U0D
$79 SO1I9§ indgno Bisd ¢ 03 ¢1 orje wnaud
iatiad
LT099%01 [o3s1ag induy 81sd 1 01 €1 ‘onsso1d ‘aoromuo) |
$Z9 SO1I9S mdno 8isd ¢ 01 GT srewmaud
ce
v0099701 101119 ‘indur S1sd oF 03 01 ‘oanssaxd ‘asf[oajuo)d 1 g1sev
4
11099501 Teast "HI {oaeT pmbr] ‘aosueg | T Z15eV
jruooxad ( je sapEnyOoy
[4 _
TT099%01 1oAST CH'T 19A97 pinbr] ‘aosuag 1 TISEV
queoaad QT e S9Ienjoy
‘welsfs styy 03 a[qeordde Ajreuoypiouny jo¥ St OTSEV
T3A3T CH'1 1e1000qns
muaoaad ¢ 01 001 ‘@anssaad 10A97T pInbry
Y1829%01 reuaajur Sisd oF 03 01 ‘aqoid T 60SEV
*weysAs s1y} 03 afqedridde A[reuorjouny j0U ST 8OGEY
¢-065066 T9POIN e ‘
908S9%0T} 4,0 stomuon prydared afuea 81sd-0G-0 aanssaiad ‘aeonpsued], 1 L0SEV
L0099 esue1 S1sd 09 uodwo) ‘ade
0099%01 ‘umnoea S ‘Ut g p o) D T 906eV
¥2LY9¥01 e8uex jusdaad 00T 03 0 103821pU] [9A97] T S0SeV
10780TpW 00% [PPOIN o8ued (00 ‘0ST-0 ‘UOTIBOTPUI
60099%01 mun d - 66T 19POIN AP [eA9d pInbrT ‘a8enH T $0SeV
Hnwuwwm [euLIou uoiresd 000 ‘ST
*wAg JaquIny JoquInN
«oo1d Summeiq JIOpUaA SHIBWOY juauodwo) pbayy Furpurg

2,12




90€59%01

¢-05S066 T9POIN

*oul ‘SOIIUOD PIIYOITE ]

o8uex 3r1sd oz 03 ¢

aInssaxd ‘Isonpsusa],

(44194

ety

1sAs sy} 03 afqeordde A[reuo

1jouny 10U ST THSEV

aanssoaad Surseaiout

2anss ¢ M
¥2099%01 S1sd o7 78 SeERMOY nssaad "Yoymg T oveev
asanssoaad 3urseaxour c

G-G0099%0T1 Srsd (9 18 seremOY aanssald "YoImg T 68SeV

$-50099%0 aanssaad Sursesrour
! S1sd gg 7e sarEmoOY aunssoad ‘yoyms 1 88GEV

sanssoad Suiseaxout
€-50099%01 S1sd gz 1e sojEmoy aanssald ‘yoyums T LESEV
aanssaxd Zursearosp oINSSodd ‘USTIM
2-50099%01 S1sd 7 e seremoV d "youms T 9€6evY
_ aanssoad Jurseoaoop ‘
1-S0099%01 S1sd 7 78 SOV aanssaxd "Yoms T Geeev
‘weisAs sy} 03 afqeatidde Afeuotjouny Jou ST $EGEY
¢-065066 ToPOIN
d fx
90£G9%01 *OU] STOIIUOD PIYOITE A 93uex 3rsd 00T 01 0 aInssald "J9onpsueld], T £eseev
90099%0T a8uex 3rsd 00T 03 0 oanssaid ‘o3edD 1 gesev
*woysAs s1y} 03 9[qedrjdde Afeuorjouny jou a1k [SGEV Y3NOIY) 9ISV
s TOqUINN Iopua SYJIBWS uasuoduwic ba TOqUnN
)

“o01q Sumerq PUaA h | Y 3 8] pbay Suipuig

2.183



o8uex g £0%- 01 4 0S¥~

aampexadua], ‘I103eOTPUI

TLEEV

80099%01 toguea visd 0GT 03 0 1
‘pojerado 9anssald

- woysks sty 03 ofqedtidde A[TeuoTIoUN] 10U OI8 (LGEV UBNOIYY GEGEV

S ndino 81sd g1 01 ¢ oRETHIERd

¥29 solId MAINo oT T ‘ ¢
aanssoald ‘IdI[oIIuo
20099901 [o1s1IE “yndur esd g1 03 0 d [1onuo)d T pesev
wiaysAs s1y} 03 o[qeoridde ATreuorjouny J0U ST €GGEY
¥1099%0T 01-912-8 ToPON Stsd 0T 7% 108 zeqqnus | T 28eeY
*dxop °*Budy onSeadsg
129 SeLIes -dut S1sd 6z oriTaiiotd
’ v ‘9Inssold ‘Ia[oxjuc q
€0099%01 [o181ad ¢ +ggo1d Surpenjor S18d § 0 0 d 1[03uo) T T6GEV
eBues 31sd 09 03 0 sanssaxd ‘o8e
L3099%01 ‘Gurpear Tewou 3rsd g d D T 0GGEV
‘woys£s sy} 03 o[qeoridde A[reuorjouny joU 9IE 6HGEY PUE 8YGEY
%-065066 T°POIN
d

90€G9%01 ‘oul *STOXIUOD PIYIATET a8uex ev1sd 07 01 0 I90onpsue ], 1 Lysey
‘wayshs st} 03 olqeorjdde A[reuorjouny jou aIe 9ySEY pue SHSEV

$79 sor198 mdyno Jrsd ¢ 01 61 srpeumaud
10099701 To3stag ‘andur 8rsd goT 01 0 ‘aanssold ‘a9roajuod 1 YYeeEv
‘washs styy 01 aqeor(dde Ajreuopouny j0U ST EYGEY
"wAg JaqunN JaquinN

0014 Smmelq JOpUaA syIBWaY wauoduwro) pbay Jurpurg

2.14




o8uex g gob- 01 I 0SH-

80099%01 ‘ersd 0G1 03 0 sametadwo], ‘I03EdTpU] I $8GeY
pojexado aanssald

91099%01 aanjeaadwia], ‘aqoad T €8GEV
*afuex g g0y~ 01 d 06F-

80099%01 ‘ersd 0g 01 0 samesadwin], ‘x03eoTpUl T z8seV
‘pojeaado aanssoad

‘welshs sty 031 aJgedtjdde Areuorjouny 301 ST T8GEY

91099%01 aanjeaadwa], ‘aqoxd 1 088V

‘weshs s1y) 01 arqeoridde A[[BUOTIOUN] J0U ST 6LGEV

2-0S5066 19POIN dduex I g0¥- 03 I 0eH- ‘eisd ‘
njexodura J190oNpsuea

90€59%01 *oul ‘sToIjuc) priyoIre g 0GT 03} 0 ‘poreaado sanssaad oImed L P L I 8LEEY

‘wayshs sty 03 arqeorjdde A{feuoiiouny jou axe ,.CeY PUB 9LCEV
Jd 90%- 03 juareanba

1-62099%01 -oanssoud Surseatout 51sd 00T 18 sampaedwal ‘qoyms [ 1 SLSEV
saenjoe ‘pojeaado aanssaad

91099%01 samjeaadura], ‘aqoad T PLGEY

‘wayshs sy} o orqeorrdde A[reuot}ouny jou ST £L8CV
- duex 4 £0%- 01

3-08S066 T9POIN o -

90€S9%01| . - ‘ersd g1 03 samesadwo], ‘Ieonpsued], T cLSEV
OUJ S[OIIU0D PIIYDITB 4 .Wmmwmno&o w.wswﬁmmp%

oExﬂm h@ﬂEjZ JauIn N

c ¢ : auod h
0014 SumeIq JOpuap SHIBWY Jusuodwo) phay Surpuig

2.15




BIMOT] WIS G0

901J110 T 8096V
G-€3¥¥IT 01 ‘BRIP "UT LE0 "0
g-€Z¥PIV0T S1BIMOTy WIS § °0 soyuio| 1 L09EY
‘"BIP UT LEO "0
9BIMOTY WIS 0g 901J110 1 909¢VY
1-82%%9%01 ‘*BIp °Uur 822 °0
9BIMOT] WJIOS G 201J110 1 G09¢YVY
Y-€THOT0T “*RIP U 9TT "0 B
SedMmOq} wyos g 901J110 I $09eY
¥-62¥¥9¥01 ‘*BIpP "UI 9TT "0
ABIMOTY WIS 0g 901J110 1 £098Y
€-¢C¥¥9¥01 ‘*BIpP UT Z8T "0 o
¢-8ev¥9¥01 9BIAMOTY WIOS T J01J1I0 1 209¢VY
‘*BIp "UT 2G0°0
SBIMOY WIOS 02 901J110 1098V
1-€2¥99¥%01 “*BIp °UI 833 "0 7 '
‘weyshs sty 03 3[qed1Idde A[[euojouny jou aae (09¢Y YSNoIy) 88SEV
aanjeaadwa], ‘oqoad T L8GEY
aguea
d eo¥- 01 I 0g%- ‘eisd sdameaadwo] ‘a03eOIpU] 1 986¢V
80099%01 0GT 01 0 ‘pojeaado aanssaad
duto1 ‘aqoa 68GEV
2099501 aanjeaadwal, ‘aqoad T
JaquIny
‘wAg JaquinN 10pusy SYIBWAY juauodw o)) pball Gurpur
EYC Suimeaq

2.16




*ou] ‘@a00NN

81sd g0t

J119y ‘oA

148441401 3 ‘ToMXBIV ‘SUruue Iy 18 SordT[oY Jotiad TBA 1 erocy

9 *oul ‘aI00N 31sd 001 oI1oH ‘OATEA 9
PI¥POT01 3 ‘[Tom¥eIN ‘Suruue T Jor] Te 1 4419

*oul ‘aI00IN prsd 0z .
STYyOv 01 3 ‘[TomxeIN ‘Sutuue ]y 18 S9ASIOY JOUPH "OATEA T 179ev
*oul ‘9I00N 31sd 0071 .
o119y ‘9A
eI¥vIv0T R ‘T1omxe]N ‘Suruue 18 S9A9IToY JoeH reA L 079eY
*weysAs sy} 03 ojqeorjdde A[TeuorinUN} J0U I8 gege V YSNOIYl GZ9¢Y
¢1099%01 umnoeA ‘I9onpsuei], T ¥29¢Y
21099%0T umnoeA ‘1eonpsued], 1 €298V
21099%01 umnoeA ‘I9onpsued], I 229eVY
wmnoeA ‘I03edTpul T 129¢V
‘weyshs STy} 03 a[qeoridde AeUOTIOUN] JOU BIB (ZIEV UINOIY) TTIEV
21BIMOT] WIOS T "0

8 ¢ . 201110 019¢

T19%01 “e1p UI 9810 °0 ¥ T T9€V
9JBIMOT] WJOS G “0
G- ‘ . 90TJTIO

eCrYov ot CepIp CUT 4800 ¥ T 6098V
s TequinN Iopua SHIBWI uauodwo ba ToqinN
0914 Buimeaq pusA A q } > pbad Surpurg

1M



0SHZY 19POIN

jo7Ino 1sd Gg

aInssaad ‘a1ojeIn3oy 1 90LEV
6L9LE701 ‘0D sjonpoad 2I00IN “3oqur 8rsd g1
X ¥6 "ON T9pONN apno 1sd .
1S9LE%0T ‘0D 107eIN3oY . 191mo 18¢ 52 sanssaad ‘xoje[nday 1 SOLEY
1 9ATEA 9AOID jaqur 3rsd 0271
X¥$6 ‘ON [°pPOIN apno Sisd
1G9LEVOT ‘0D J0jeIN3aYy .a pno 8¢ 054 aanssaid ‘10jeInday 1 YOLEV
3 SATBA 9AOID) jatur S1sd 0S¢
. a8uea 1sd g9 01 ¢
989L¢¥01| Auedwo) a3nen ‘S °n ‘Gurpead sanssaxd ‘agen I £OLEY
‘ rewaou 3isd ¢g
aduta 1sd gog 010
L8ILEFOT Auedwo) agnen ‘S ‘N duipeaa aanssaxd ‘a3en 1 20LEY
rwaou disd ¢z1
aduex 1sd 00ST 03 0
889.LEF0T Auwedwo) agnen 'S ‘N Jurpeax aanssoxd ‘aden 1 10LEY
rewaou grsd gL
aduea 1sd 000 ‘0T 01 0
879L6¥01] Auedwo) afnen °g °n ‘Surpead ainssaad ‘ofen 1 00LE Y
rewaou 3rsd goce
"woisAs syj 01 aqedr[dde A[reuoriouny jou dIe 6698V Y3NOIY) 89V
oul ‘9100 31sd 001 o119y ‘OATBA LYIEV
YI¥¥9¥01 8 ‘[omxe ‘Suruuey 18 S9ASI[OH Jaul Te T
*oul ‘9I00]N Jisd o001 .
vivvovol 1y ‘[IemxeN ‘Sutuue N 1€ SOAJT[aY JOTISU "RATEA 1 wIEY
*oul] ‘9100 Sisd g ooy ‘oa
184721401 B ‘[lomXeIN ‘Suruue 1% soaa[oY a9 TeA 1 SHIEVY
‘ou] ‘oI00IN 31sd o01 ‘
=)
Y197 01 8§ ‘[omxeN ‘SuTuue N 18 soAaI[Y JOI[9Y "9A[BA T 144° 1
*wAg JaquinN JoquInN
— Surmeaq JOpPUDA SYIBWIY juouodwo)d pboy Juiput

2,18




60%0¢ N/d ‘ ‘o ‘
LY9LEFOT +d107) Yes001IMNg jueA ‘ON “Cur /1 TeEnUeN "SATEA T 8ILEV
50%0¢ N/d ‘ ‘e ¢
LYILEYOT -d100) YeI0eIMN ] jueA ‘DN “Cur /1 [BNUBIN “SATEA T LTLEV
$0%0€ N/d ‘ €. ‘
LY9LEYOT -d100) yRIoRIMINg jusA ‘ON "'ur /1 enue Al “9ATEA 1 9TLEV
L9-VSLE-VNSS N/d o , .
¥89.LE¥ 0T UOTJBIAY SUTGQOY Jjomys *°ur 91/¢ [BNUBIAl "9ATEA T STLEVY
L9-VGLE-VNSS N/d o ‘
$89LEYOT UOTIBIAY SUIQQOY JJonys °rur 91/¢ [BNUBIAL "OATEA T PILEY
L9-VSLE-V NSS N/d ‘. > ‘
¥89LEY01 UOTIRTAY SUTQQOY Jjomys “°ur 91/9 ENUBN "9ATEA T CTLEY
L9-VSLE-VNSS N/d ‘. : ‘
¥89LEYOT UOTIBIAY SUIqQOY jjomys “rur 91/¢ [ENUBIN "9ATEA 1 CILEV
P-v00LE-Sd N/d ssaad uoryenoe jo S1sd ¢ °1
2892€%01|, *ouy uryirm so9jenjoesp aanssaad ‘yoyims LE
S$OrIISNPUl UI9)SOMYINOS ‘S1sd (' F) C'T7 1B SIBMOY 1 T1LeV
8-2-629 N/d ‘urwr 31sd ¢z jB sjeasal
189LE%01 ‘0D ‘3rsd JATIeY ‘eATBA T 0TLEV
guranjorjnue N orjqndoy (6F) Gg 1B syorI)
089LE 70T 9-£-4d929 N/d ‘urwt Srsd (o1 1B S)EOSaI —
‘0 . o ‘aAT®
Suranjornue o:nsgmm 31sd 0z1 18 S¥0RID l reh ! 60LEY
— 9-6-dS29 N/d ‘urw 31sd (gL 18 sjBasal
01 0D ‘3rsd jor[ey ‘oATeA 1 80LEV
3urangornue N _o1[qnday (0G F) 006 T8 SyoBID
€1801 N/d
0S89LE%0T *dxop UOIOTIN 0T I91td T LOLEY
I uaueurIad
*wAg Jaquny Jaqun
‘ N
S Suimeaq JOpUSIA SYIBWIY juouodwo) phay .m:__*:: 1

[=2]
L]
Ay




*ouJ TedtTwIsypD %ﬁMONQ‘NO wao,:.mw 000 .MNH NE‘H .vmqmrﬁ mw.w.N.HOum T EGLEV
R sjonpoad Iy
d 9¢¥- 01 4 €ev- 191000qNS 1 oSLEV
woxy Sy sjooodadng
086£9%0T oul STES OLIS UL G umnoep ‘dumd 1 T1SLEV
-Tway) B syonpoad I1y ‘axoq ‘utr g
01-21¥% 19POIN aons "ur g wmnoep ‘dumnd 1 0SLEV
soqo3g f °d ‘axoq ‘ur 8
‘woyshs sty) 03 o[qeoridde A[[eUOTIOUNy 30U BT 6HLEY gmsﬁﬁ 9zLeY
_ aanssaxd uoTIENnIO® UBYj} SSI]
€89LE¥01 v0016-Sd N/d 81sd ¢ 1B s93EN}ORAP aanssaid ‘yoyms 1 gzLEY
S91J)1SNPU] UXISIMYINOS ‘rsd (0z F) 009 18 SIENOY
mONOM Z\n,m i € ¢
u enue IA
LY9LEFOT +d100) JpeIoeIMNg juaa ‘ON 1%/1 1 N [BA 1 ¥ZLEV
mON Om Z\Q < (3 3
UDA ut nue 9ATE
LY9LEFTOT -d100) 17E100IMN ] ) ON 1$/1 TenueA ‘9ATBA 1 €TLEV
¢0z0e N/d ‘ . ‘
U2A ut Bnue OA
LFOLEVOT -dz07) YyEI0eINNg ) ON 1 /1 1 N ‘eATeA 1 ZoLEV
¢0z0e N/d ‘ ‘o ‘
nue 9
LP9LEFOT +d100 1yeI00ININg juaA ‘ON ‘Ut $/1 [BNUB]N ‘9ATEA 1 13LEV
rﬁ@l<mbmﬁl<zmm Z\AH ‘o ‘
$89LEVOT HOTEIAY SUIGQOY pomys ¢ ut 91/§ Tenuely ‘oATEA 1 02LEV
S020¢ N/d ‘ ‘. ‘
u u nue 9A
LY9LEVOT 4105 17E100IMINg jusA ‘ON ‘Ul B/1 fenue]y ‘9ATBA 1 6ILEV
‘WA JaqunN Joquny
: uauodwo hha
0914 Suimeaq TOPUIA SArEUoY ! o pbad Surput g

2.20




1-£62%98L N/d

[ 33 ¢
+0) JFeI0aTY SEI8No( ON ""ur ¥ oTjeuwinoud “oATeA 1 1168V
T-$Se¥98L N/d ON ‘
. A
*0)) JFRIDATIY SEBIZnoQg ‘uonytsod-¢ ‘°ur g PHEUMIUd "9ATEA T 0T6EV
‘ways£s sty3 03 9[qedrdde £17BUOIJOUN] JOU BB 6)6LY PUE 806EV
1-€2L9eVI N/d sy .
: umnoeA ‘Iaonpsusal 1 LO6EY
‘0D jeIOITY Se(SnoQ ‘suoxotrut 0001 03 0
105-0¥6£98¢ N/d 81sd gL
ON ‘uoprsod-z ‘Aem-% prouajog ‘oATEA 1 9068V
*0) PrIOITY Sel8noQ teut §/1
sato13aed UOIOTW GZT
T-€9LBEVT jo jueoaad o1 ‘sororyard 19171 I 068V

*0) jyrIOATY SEI3noQ

uoIdIW g/ 3o quaoaad gg *°ul ¥

*walsAs sty3 03 aqqedrjdde A[reUOIloUN] 10U BIB F(

6E YV nmL..:: 2068V

T-€2L9¢VI N/d

SH

(OVa ) wmnnoeA ‘aeonpsural 1 1068V
‘00 11BIDI1Y SeIZnog SUOJOTIN 000T 93 0
T16-L9%0L8L N/d aguea ersd 0T 01 0 .
2aNssaId ‘I90onpsuBa], 1 0068V

‘0D rIDITY seldno(

‘tut y/1

‘wayshs s1y3 03 a[qeorjdde A[Teuorjouny j0u dae §68¢Y YSNOIyy gLLEY

Jonys ‘‘ur 91/¢

[enue ‘oATeA

TLLEV

*waysAs s1y) 031 9IqeO

11dde A[euorjoUNy J0U AIB (LLEY YSNOIY} FCLEY

*0919

JaquinN
3uimeaqg

10puap

SHIBWIY

Jjuauodw o))

pbay

JaquunyN
Surpurq

21




1-€2L9€V1 z\a_

0D 1JBI0ITY Se[dnod

8H
suoxoTW 000T 03 0

wnnoe A ‘Iaonpsued],

056€V

‘wa)sAs s1y} o1 orqeoijdde A[euorjounj jou 2a8 §76E€V y3ndayy Lz6eV

-€2L9eV1 N/d
I / 3H wnnoeA ‘Iaonpsusd], 1 926¢V
*0) 1JBID a1y se[dnoq suoaoru 0T 031 0
d1sd 0GL
105-0¥6€98¢ N/d 'ON fuompsod-g “Avm-y prous(og ‘oA | 1 Z6EV
*0D JJeIDA1Y SeidnoQ Ceut /1 )
1-€2L9¢VI N/d
3H suoxotw Q0T ©1 0 wnnoe A ‘Iaonpsued], 1 ¥368VY
*0) jeadoary se(dno(
81sd 06L
105-0¥6£98¢ N/d ‘ON ‘uomyrsod-z ‘Aem-p proudtog ‘oA | T £e6ev
+0) jJeIOATY SseidnoQ Cour p/T
- 8rsd 0GL
105-0¥6£98¢ N/d . :
¢ ‘uoryrsod-z ‘Aem- TOoUa[og ‘oA
0D eI0aTY Seidnodg ON =t e, - w\w PIOUSIOS "OATEA T Ge68V

*walshs sy} 03 ozm,ra% A{reuorjouny jou 8I€ 1Z6€Y USNOIY} 8T6EV

1-250998L N/d
‘00 1JBI0ATY Se{dnoQ

ON ‘‘urg/1-1

orpewmoud ‘9ATBA

LT6EV

11S-L9%0L8L N/d
<0D 1reI0aTY sednoq

a8uwea vrsd 001 01 0
‘Ul y/1

aInssaxd ‘Iaonpsuel],

!

9166V

*wa)shs syl 03 oE:.w:QQn A[TeRUOTIOUN] J0U BJIE G

e v :w?fﬁ CI6EY

1-262%98L N/d
*0) jeaoaTY SeIdno(Q

DN ‘°ur g

orpewnaud ‘oArEA

c16EV

JaquinN
Juimea(

10puap

SHIBWIY]

ouodwo)

phoy

Joquuny

surput]

2.2




Suridno) 1 4419
Gurrdno) 1 1¥6EV
guridno) [ ov6ev
r odLy ‘our . 1010 6£68Y
H629%01 |, e dq ST el B
8§00 JN Te0111091d *S°N
o r odL1 ‘our ;.E o1 I010N 1 8E6EY
S¥629¥01 ‘SI030IN TEOTI0SIE °S 0
Buridno) T LEGEY
gurgdno) 1 9€68V
SeL MOT} UjOS T 901J1 Se6eY
2-98T99%01 “*eIp *ur 2S00 IJ1I0 T

¢-98199%01 eI MOT] WJOS T 221J110 T $E6EY

‘*erp "ur 250 0
Surrdno) 1 £E6EV
1-.5.998¢ N/d S1sd (z ) ¥8 18 sjeesal JST[oY ‘OATEA . 7868V

09 1JBIDIIY SBI3NO( 3isd (g #) g6 1@ mmo>wzwm

G-0%698¢ N/d 1sd 05. .

10 ‘uonytsod-z ‘Aem-y PpIOUdIOS "SATEA T TE€6EV

*0) jJFeIoary serdnoq Ut /1
X JaquinN
Ew JoquinN 10pUs A SHIBUWIDY Musuoduio) pboy Surpurg

0919 Suimeaqg

2.23




1-208168L N/d
‘0D JyeIOITY seldno(g

joou
- uodsIg-YoInd ‘Jurrdno)d

GoTd

‘wajsAs sy} O

1 olqeoT[dde A[euoTjoUN] j0uU SIE HOIH PUe £0Td

*0) JeIdITY sednod

13 O $LZY

qu ‘ I9UTBIUO0))

1) 4C!

‘woysAs s1y} 03 ofqeordde A[reudrjouny jou st 10TH

1-G08168L N/d
*0) JeIdaTYy seidnog

Surrdno)

00Td

‘woshs sty 03 aiqeorjdde A[reuoriouny jou axe g YSnoIy} 665V

Burydno) 1 8Y6EY

duridno) 1 Y68V

Surrdno) 1 9v6eEV

00 jJeIOaIY seldnoq UoIImS sanssadad T Syeev

*0) PeaoIIY seidnod ‘ur z/1 Iaqqnus 1 yveev

Suridno) T E¥6EV

HEEIEE

2.24




1-198168L N/d
‘0D FeIoaly seidnoq

109UU0ISIJ -HOTNY
‘Guridno)

0S2d

*WaISAS STY} 01 919

eoridde Aj[euoIjoUN] jJouU 9a8 6Hgd Y3noayy Zizd

1-,381S8L N/d

*0) 1Jesoary seidnoq ON ‘uoryisod-z ‘Aem-g pIOUS[OS ‘9ATBA 1 1124
1-128198L N/d . . . .
‘0D JyBIOATY SBISnod ON ‘uomrsod-g ‘Aem-g pIous[os "9ATEA T 0124
1-L281S8L N/d ‘ ‘ ‘
100 1eI0aTY SBI8N0Q ON ‘uomrsod-z ‘Aem-g pIOUS[OS ‘9ATBA 1 6024
‘wesAs sty 03 orqeoridde A[Teucijouny jou age g§0gd ysnoayl 911 d
1-G6LTIS8L N/d JU2A STIEUnouA ‘oA
*0) 1JeI0aTY Sseidno( ‘S1sd (gz F) SL% ‘ON 1 d BA 1 S11d
T-S6LTS8L N/d JusA T
*0) JJeI0a1y se[8noQ ‘S1sd (ez F) SLF ‘ON ! BA T yi1d
T0S-908TS8L N/d - N
‘00 JeIoaTY SBISnog ON “ur g newnaud ‘9ATEA 1 ertd
"weysds styy 03 aiqeoridde A[reuorjouny jou axe ZTTd ySroayy go1 A
*0) JeIodly sei3noq Jd0suag T LoTd
1-86LT58S N/d sout e N o
-00 1eI0aIY SeISnoq ysow g1 pue 00T Teurwn [ XNI0A | ¥ 901d
rwids ToquImN JOpUdA SYIBWa uauodwo b JOqUInN
o914 Suimeaq A q L ) pbay P—

2_9258




ersd (GL°0¥F ) GL 'S¢

105-0981S8L N/d ‘ ‘
. : 18 sojenjorap ‘visd 2anssaad ‘yolmg T YRAC
90 JeI0TY Sse[dnoq (GL'0 ¥ ) GZ 'LE I® S9Ny
I-1€81S8L N/d 1sd (g 0 F) aanssoaad
/ P 0 ! T VNACH

‘0D PrILIATY sBI3no(d

18 s9)BNIOY

[eTIUBIdIId ‘YoIIMS

‘woysAs sty 03 orqeordde A[Teuorjouny j0u axe Lz H USNoIyy 09gd

$-8€8198%-S N/d

‘0D JeIOATY m\m,—MSOQ 20110 1 6S2d
1-2281S84 N/d ‘ssoad Suryjoeao .

*00 Jyeada1y seignog Srsd o 03 € Ao9UD TeATEA | T 862d
1-G281S8L N/d IN .

*0D JeIoaTy se[dnoq ‘uoyyisod—g ‘Aem-g prousios "eAfeA | 1 L6523

10$-20s¥88% N/d N -

<0) JyeIOITY se[8noq tp Ut 291 0 410 1 962
1-898198L N/d onpeumaudoxjoayd ‘LA

*0) yeIdaTy seidnoq 9 109Td "9ATBA 1 ggzd
1-898148L N/d oryeumaudoajoold ‘ea

00 JeI0ITY Se[dnod 2 JO9TH "PATEA I L4 T4CH

£05-206¥88% N/d BID Ul 117

*00 1yRIDITY Se3nod P U TLE 70 90TJ1I0 1 £gzd
1-20£¥%88% N/d et T 105 - .

*0) 1JeIDATY Se[dnoq p Ut LSY 0 110 T gscd
1-6S8198L N/d *gssead Zuryjorao oo ‘on

‘0D PrIDITY seIdnog Sisdz 03 1 {2940 TeA T 1624

‘wAg JaqunN 19
quiny
0914 Sumeaq I0puap SHIBWAY juauodwo) pbay Surpur

2.26




SECTION 3
MECHANICAL SCHEMATICS
This section contains mechanical schematics that reflect all LH

nents that function during a normal countdown sequence, For a%
chanical symbols used, see MSFC-STD-162,

fuel system compo-
efinition of the me-



APPENDIX A

LISTING OF LAUNCH VEHICLE SA-8 AND LAUNCH COMPLEX 37B VOLUMES

Volume

11
111
v

VI
VII
VIII
IX

Title

RP-1 Fuel System

LLOX System

LH2 Fuel System

Nitrogen and Helium Storage Facility
Pneumatic Distribution System
Environmental Conditioning Systems
Launch Pad Accessories

H-1 Engine and Hydraulic System
RL10A-3 Engine and Hydraulic System

Separation and Flight Termination Systems
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